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When we intend to start an activity that would occur at someone’s territory or to buy 
a parcel, we need to know the name of the owner, our rights, responsibilities and re-
strictions regarding this land. Such information “provides legal protection, makes it 
safe to invest in and purchase land” (Bogaerts & Zevenbegren 2001, 325-326). How-
ever, in order to get this information, we need to have access to it. 
Cadastral system, which can be considered as a constituent of the land admin-
istration system, is a method of recording the physical location of real properties and 
listing real property rights. In other words, it is ‘where’ component of the property 
rights system that secures the legal status of real properties and effective land tenure 
transactions. According to estimations made by KTI Property Information, 70 % of 
the national wealth in Finland is assigned to property and land, an efficient and relia-
ble cadastral system is therefore highly useful. (Krigsholm el al. 2017, 133.) 
The pace of change in modern world has been accelerating rapidly. All public 
and private systems are involved in this process as well as geographic information 
systems. Many anticipated global political, economic, social, technological and envi-
ronmental changes interconnect with data in geographic information systems, includ-
ing cadastral system. For instance, automatic transport, smart cities and 3D land use 
planning all require high quality and up-to-date spatial data in order to function 
properly.   
As can be seen from the evolution of the topic and theory outlined in the litera-
ture, the role of cadastral systems as a constituent of land administration domain is 
continually evolving together with significant shifts in society’s attitudes and rela-
tionship to land. While the range of rights, restrictions and responsibilities expands, 
the relationship between people and land becomes more complex. Consequently, as 
highlighted by many authors (Williamson 1999, Enemark et al. 2005, Bennett et al. 
2008, Kalantari et al. 2008), our land administration systems that support decision-




The need for redesigning cadastral systems and understanding new social re-
quirements has been recognized by specialists all over the world (Dale & McLaugh-
lin 1999; Ting & Williamson 2001; Riekkinen 2014; Oryema & Mono 2016; Riek-
kinen et al. 2016; Krigsholm et al. 2017). Marking territory has always been a vital 
activity for organizing society, ensuring justice and keeping the peace. As history 
knows, from the primitive tribes during the ages of hunting and gathering to the peri-
ods of expansionist colonialism plotting land has always been a vital routine activity. 
Following the creation of states in the form, we know them today, land surveying has 
become a crucial factor with respect to property ownership. (Swisstopo 2014.)  
1.2 Research gap 
According to Williamson & Ting (2001), cadastral systems tend to transform under 
the enormous impact of global drivers and this is why studying these changes and 
their connection to the land management is of a higher interest for parties who stay in 
charge for its development. Authors took a closer look to such global drivers of 
change as sustainable development, globalization, urbanization, economic reform 
and technology influence in relation to land management and concluded that since 
these macro phenomena change all the spheres of human activities then they also af-
fect relationship between humankind and land. Therefore, society needs a more 
comprehensive approach to land administration system including the consideration 
of various political, economic, social, technological and environmental trends.   
Different governmental entities and research institutes all over the world have 
been working on the modernization of the cadastral system for decades. All over the 
world, there are signals that those cadastral systems, which are traditionally seen as 
well functioning also, need to be renewed as society changed at a rapid pace (Riek-
kinen et al. 2016, 1). However, according to Williamson and Ting (2001), the biggest 
challenge is to tackle this problem holistically, i.e. to see the relation between land 
and all the spheres of human activities, including socio-cultural and environmental 
tendencies.  
Global drivers of change, which we also call megatrends in this thesis, frame the 
new order that sets the parameters for new land administration systems, which have 
to be much broader and integrated than the approaches of the past, it is important 
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therefore to design land administration systems for this future scenario (Williamson 
& Ting 2001, 4). As the researchers claim, change in the land administration should 
be implemented from three related perspectives. The relation between global drivers 
and cadastral systems must be studied. An analysis of the impact of these drivers on 
the design of the cadastre is required. Further, cadastre should be adapted to the new 
conditions shaped by these global drivers, such as spatial data infrastructure and the 
Internet. (Ibid., 9.) The current thesis will focus on the first two perspectives on the 
future development of the cadastral system in Finland. Technical aspects will be left 
aside.   
1.3 Research questions and structure of the thesis 
The purpose of the present study is twofold. Since it is assumed that megatrends are 
changing the way people relate to land, it is vital to build new strategies to adapt to 
these transformations. A better understanding of emerging phenomena that drive the 
future development of Finnish cadastral system is therefore necessary. (Krigsholm et 
al. 2017, 133.) The thesis pursues to recognise and increase knowledge of mega-
trends shaping the cadastral system and to study how these megatrends may affect 
the future of cadastre in the Finnish market by 2035. The expected outcome of the 
thesis is to provide answers to the following research questions:  
• What are the global drivers shaping the operational environment of the cadastral 
system in Finland by 2035?  
• What are the alternative scenarios of the operational environment of the cadas-
tral system in Finland? 
In order to answer these questions a Disaggregative Delphi study, which will be 
further described in Chapters 3 and 4, was conducted. The survey was organized in 
two anonymous rounds according to the principle of collective knowledge to ensure 
the validity of subjective opinions and mitigate Bandwagon effect. The core plot of 
the questionnaire consisted of twenty-one global megatrends that shape the modern 
reality and geographic information system as well (see Appendix 1 & 2). Respond-
ents were invited to estimate relevance, probable and preferable impact of these 
megatrends on the development of cadastral system in Finland by 2035. The rele-
vance of the megatrends to the cadastral system will be used to answer the first re-
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search question. The answers of the second round of the questionnaire will be used to 
answer both research questions.  
The thesis consists of six chapters, starting with an introduction to the research 
topic, introducing and providing background information about the motivation and 
key concepts of the thesis, and defining the purpose of the research and the research 
questions. The second chapter focuses on land administration system and cadastral 
system as its constituent, providing basic conceptual understanding about cadastre, 
its purposes and evolution and, additionally, views of the Finnish cadastral system. 
The third chapter covers methodological background of the thesis, focusing on fu-
tures studies and related concepts, tools and techniques. The fourth chapter composes 
the Delphi study design. Chapter 5 presents the results of the Delphi study. Chapter 6 
discusses findings and analyzes the research quality and reliability. The last chapter 






2 CADASTRAL SYSTEM  
Before going deeper into the subject, with the purpose of setting the context, it is vi-
tal to give a background information regarding the phenomenon of land, its value for 
the society, and to track relationships between humankind and land. Another crucial 
element vital for the present theory is an overview of what is land information sys-
tem and the cadastral system as its subsystem. Further, we will move close to the re-
gion of Finland and consider what kind of land information system is used there cur-
rently. Conclusively a range of the previous attempts to envision the future cadastre 
will be presented.  
Furthermore, it is important to clarify that the scientific basis of this thesis lies in 
two domains, cadastral research and futures studies. Accordingly, theoretical frame-
work of this paper has been splitted into two parts, Chapter 2 and Chapter 3. The first 
one provides grounds on the need to study future operational environment of the ca-
dastral system based on the literature review. Chapter 3, instead, discusses concepts 
and research approach applied in this thesis.  
2.1 Relationship between land and society 
As it was already specified in the introduction, the relationship between human be-
ings and the land is of crucial importance in every society. This relationship has a 
long history from full state control, through communal forms of tenure, to the indi-
vidual property rights. (Dale & McLaughlin 1999, 1). Every state has its own land 
regulation depending on the national system; the rights vary from country to country 
(Riekkinen 2014, 17). 
Ting & Williamson (2011) suggest that the relationship of humankind to land in 
all societies has developed under the influence of global driving forces such as glob-
alization, sustainable development, urbanisation, economic reform and technological 
development. Ting and Williamson (2011) identified four stages of the dynamics of 
this relationship: 
 
1. Human settlement during the agricultural revolution through to the feudal sys-
tem, which tied human beings to land in a physical way. Land was the primary sym-
12 
 
bol and source of wealth. In this phase, the main role of the cadastral system was to 
publicly record ownership as well as it was used for fiscal purposes.  
 
2. The Industrial Revolution in the 18th century, which influenced almost all the 
aspects of a daily life in urban and rural areas, entailed a process of breaking strong 
physical tie to land by turning it into more of a commodity, albeit the most valuable 
commodity and primary source of capital. This environment gave birth to land mar-
kets and so cadastre took on another focus – a tool to support land transfer and land 
markets.   
 
3. In the 20th century, in a new environment shaped by the post-World War II re-
construction and the population boom land became a scarce resource and its amount 
was not sufficient for the needs of a growing world population, which was becoming 
more mobile at the same time. These tendencies created a need and demand in plan-
ning, particularly urban and regional planning. Planning in turn created another ap-
plication for the cadastre.   
 
4. The 1980s have seen a different twist in the problem for the scarcity of land. 
The focus shifted to environmental degradation, sustainable development and social 
equity. This change the cadastre in a way that planning issues included more interests 
of the citizens and more detailed issues on land use. The call for more comprehen-
sive information about land and the rules of its use has been set. Thus, the plan to 
create a multi-purpose cadastre started being broadly discussed. (Ibid.) 
 
The significance of land for the humankind is difficult to underestimate. Land 
exists in a tangible form as a surface to which constructions are attached and in an in-
tangible form as a proclamation in which its value and rights to its use are declared. 
“Access to land and security for credit are vital components of sustainable develop-
ment and good land management practice; every State needs to ensure that efficient 
and effective land administration mechanisms are in place” (Dale & McLaughlin 
1999, 1).  
The interdependence between land and society can be also demonstrated on the 
example of land degradation. For instance, rapid population growth can, under cer-
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tain conditions, affect economic development and consequently, the living standards 
of the majority of the population. Backwards, many aspects of poverty lead young 
couples to have large families, and thus encourage a high population growth rate. 
Similarly, land degradation can slow down economic growth, while low levels of 
economic development can affect land degradation. These interconnections can be 
traced through time. A period of rapid degradation may reduce the usability of land, 
affect the utilization of the land for present generation but also for the future ones. If 
these future generations are not able to migrate to other territories due to close bor-
ders as in the case of Sotho of Lesotho, South Africa, the problem of land degrada-
tion may have seriously damaging effects for the development of the local communi-
ty. (Blaikie & Brookfield 1987, 14.) 
Land is also a highly important financial asset. Land and property are very at-
tractive for investors. Every investment is dependent on land and property. Without 
land no shop, school, hospital or plant can be built and no railway constructed. With-
out the security of title to land or building the obtainment of investment funds and 
venture capital is problematic. Poor land administration imposes higher risks and 
costs (Dale & McLaughlin 1999, 4-5). Good land administration on the contrary con-
tributes to economic development in numerous ways. It provides security to investors 
and, allows governments to raise taxes on the basis of the value of land and property, 
and has a capacity to ensure sustainable development. (Williamson & Ting 2001, 3.) 
Solid land administration system has positive effect on taxation making the col-
lection of taxes more feasible. It gives assurance in defending property rights against 
the claims of other candidates. More sufficient land information and higher revenues 
from taxes enable governments to provide services that are more effective. Undoubt-
edly, this increased information about land allows public and private entities to plan 
the management of resources more effectively and implement environmental politics 
more efficiently. Accurate land administration has a great long-term importance for 
the social development as a whole. (Dale & McLaughlin 1999, 2-3.) 
The existing literature distinguishes two approaches to managing property in 
land. The original approach (Figure 1) is more limited and deals with the rights to 
ownership. Thus, according to this logic, cadastral system should provide infor-
mation about the owner, the location of parcel, and sometimes the worth of land and 





Figure 1 Relationships between man and land (taken from Henssen 1995, 6) 
 
The modern approach illustrated takes a more complex view of the dual nature 
of rights, restrictions and responsibilities (RRRs). In addition to providing typical in-
formation about the parcel and its owner, land administration systems should also 
uncover information regarding RRRs of the owner, citizens and government, thus 
adding a second party of interest. Thereby, in the new model a more human-centric 
approach is reflected, i.e. a shift from managing physical assets to managing people’s 
behavior in relation to their assets. Pursuant to this model, a right is not a relationship 
between an owner and land, but it is a relationship between an owner and other bene-
fiting parties such as citizens and government. (Williamson et al. 2010, 88.) Interest-
ingly, Williamson et al. (2010) finds similarities between this shift in land admin-
istration systems and the philosophical notion suggested by Peter Drucker (1946), 
who advocated an idea that individuals are the major resource of a company. Illustra-
tive comparison between original and modern approaches for relating people to land 





Figure 2 (adapted from Bennett et al. 2008, 134 & Williamson et al. 2010, 88-87) 
 
According to Bennett et al. (2008, 134), the types of benefiting parties impacted 
by property objects today include private, public / government, communal and com-
mon space. Benefits for the public sector and the state include the opportunity to es-
tablish an efficient and equitable system for justified levying of land and tax, which 
needs information on location, size, ownership of the land. This also may reduce 
speculation with unused and underdeveloped land on the market by taxing it highly. 
It ensures better land management planning mechanism. It provides opportunity to 
control land transactions. For individuals, citizens and private sector land registration 
offers legal land security and protection whether this come to the owner of the land 
or the party interested in it. The extent of confidence and lack of insecurity results in 
possibilities of making long-term investment on land. Land records enhance the 
transactions between the interested parties making it easier, less costly and more se-
cure. (Oryema & Mono 2016, 50-52.) 
2.1.1 General characteristics of a cadastral system 
This section will provide a deeper overview on what the cadastral system is and how 
it is organized in Finland. The field of land registration or land administration suffers 
from the lack of clarity in terminology throughout the world. Especially such terms 
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as land registration and cadastre have no universal definition. (Oryema & Mono 
2016, 47.) Cadastre from the French language means a public register of quantity, 
value and ownership of real property. This phenomenon of cadastre and land records 
have long history dating from the Egyptians around 3000 BC where land records 
based on surveys were kept in a royal registry. Maps, description of land boundaries 
and written records on land were kept together. Historically, these records had two 
purposes, i.e. taxation purpose when land information was kept by the state to gener-
ate money from taxation. This type of system was known as cadastre, and convey-
ancing purpose: when the records of land contained information on the private per-
sons and ownership and other land rights data in order to secure the land ownership 
and creditors’ interest. This type of register was known as the land register. Based on 
these purposes, it is clear that the content of both cadastre and land register were 
strongly related however some countries kept the data separately in order to protect 
private needs prior to public ones. (Ibid., 48.) 
Briefly, cadastral system is a constituent of the land information system. Dale 
and McLaughlin define at least four types of land information system (Table 1): en-
vironmental systems relevant to rural land management, infrastructural systems fo-
cusing on engineering and utility structures, socio-economic systems incorporating 
statistical and census type data, and cadastral systems recording land rights, planning 
restrictions, and land values. The former one is the main subject of the present thesis. 
(Dale & McLaughlin 1999, 95.)  
Table 1 Four types of land information system (taken from Dale & McLaughlin 
1999, 95)  





































Normally, a cadastre is understood to be a parcel-based and up-to-date land in-
formation system that contains a record of interests in land, a geometric description 
of land parcels linked to other records describing the nature of the interests, owner-
ship or control of those interests, and often the value of the parcel and its improve-
ments. It is used for fiscal purposes (valuation and taxation), legal purposes, to assist 
in the management of land and land-use planning (planning and administration), and 
it potentiates sustainable development. (FIG 1955, Enemark et al. 2005, Riekkinen 
2014.)  
At the beginning, land and property data were held in manual form, however 
with the era of technological advancements and digitalization almost all land related 
records started being computerized for ease of storage and retrieval. In reality, com-
puterization does not necessarily improve efficiency – there is no benefit in comput-
erizing the mistakes and errors of the past. However, it can also act as a catalyst to 
improve existing procedures. (Dale & McLaughlin 1999, 98.)  
Nowadays cadastre does not serve only one purpose but instead is multi-purpose 
aiming to control land use, secure legal land rights and help in regulating and imple-
menting development on land (Oryema & Mono 2016, 49). Modern cadastres tend to 
be under influence of macro drivers such as globalisation, technological advance-
ment, urbanisation and micro-economic reform incorporating decentralisation, pri-
vatisation and quality assurance. Another significant macro process in regard with 
cadastral system is sustainable development that raises up a demand for a multi-
purpose cadastre with more comprehensive data on the environmental conditions 
combined with other legal aspect related to land and property. (Enemark et al. 2005, 
55.)  
2.1.2 Cadastral system in Finland 
Cadastral systems differ from country to country. Around the world, every state has 
its own form of a cadastral system, developed for the particular needs of that region 
and legal system and adapted for their social, political and economic standards (Wil-
liamson et al. 2010, 26). Normally, cadastral systems can be classified into the Eng-
lish type (e.g. England, Ireland, some Canadian provinces, Nigeria), the Ger-
man/Swiss type (e.g. Germany, Austria, Alsace-Lorraine, Switzerland, Egypt, Tur-
18 
 
key, Sweden, Denmark), the Torrens type (e.g. Australia, New Zealand, partially 
USA, Canada, Morocco, Tunisia, Syria). Nevertheless, these different systems have 
the same principles but differ mainly in procedures and maintenance (Henssen 1995, 
8). 
The Finnish cadastral system is based on the German model, which is consid-
ered to be the first in the world. In the German cadastral system, the cadastre and 
land register constitute an integrated entity that complement each other. The two en-
tities are developed by different institutions, i.e. cadastre is developed by cadastral 
authorities and land registers by legal authorities. (Niukkanen 2014, 45-46.) This sys-
tem is based on registering rights and the property division in the land register is 
based on property division in the cadastre. Thus, the Finnish cadastral system con-
sists of a cadastre, which functions as a real property register, and a land register. In 
addition, it includes cadastral map. The National Land Survey is responsible for 
maintaining these registers. The main objects of the Finnish cadastral system are 
basic property units, parcels, their boundaries and right-of-use units. (Ibid., 63-63.) 
Cadastral system has always been under influence of other macro transfor-
mations in the society. Understanding the present system requires an analysis of the 
process that has entailed the current situation. (Ibid., 55.) The financial crisis in Eu-
rope hit Finland as well in 2009 and has had an effect on the cadastral activities. New 
concerns such as ubiquitous digitalization, rationalization of functions, citizens’ 
needs and decreasing tendency of using public cadastral services by them started 
arising. (Riekkinen et al. 2016, 705.)   
2.2 Towards a future cadastral system 
Over time, there have been several attempts to envision the future of cadastre in dif-
ferent countries and to understand its upcoming needs and shifting operational envi-
ronment. The range of the European and non-European countries published the sets 
of national strategies how to anticipate the future of the cadastral system and enhance 
its use and value. The most prominent strategic plans include the ones produced by 
the International Federation of Surveyors (FIG), the Land Information Institute of 
New Zealand (LINZ), and Intergovernmental Committee on Surveying and Mapping 
in Australia. This is not an exhaustive list of relevant sources. Almost every civilized 
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country today initiates parallel projects to explore needs for the development of the 
cadastral system. However, these reports were chosen for a closer analysis since they 
were produced by the prominent and leading organizations in the field of land man-
agement on the international level. Conclusively, a recent academic study conducted 
by Riekkinen et al. (2016) aiming at identifying tendencies determining the future 
society and what this society will demand from the cadastre, will be discussed. The 
listed publications will be presented further.  
2.2.1 International examples of development strategies for cadastral system 
”Cadastre 2014” and ”Cadastre 2014 and Beyond” by FIG 
 
The aim of the first project initiated by the International Federation of Surveyors in 
1994 was to envision the future needs of the cadaster by 2014. The publication was 
prepared by Commission 7 led by Williamson and Dale as a fundament for solving 
societal problems that can be linked together with the more efficient cadastral sys-
tem. FIG is the leading international organization representing the interests of sur-
veyors all over the world. Cadastre 2014 was a result of a working group attempting 
to identify trends in the cadastral field to envision in which direction the cadastre 
might develop in the next 20 years. (FIG 2014, 1.) In order to accomplish the goal 
two questionnaires made for cadastral experts in different countries were conducted 
and six vision statements were elaborated. Four aspects of the cadastral system were 
taken into consideration: legal and organisational characteristics, levels of planning 
and control, aspects of multi-purpose cadastre, and responsibilities of public and pri-
vate sectors. (Niukkanen 2014, 25.) The publication outlined those six vision state-
ments on technical, institutional, conceptual and financial issues and suggested some 
new definitions in order to implement these visions in practice. (FIG 2014, 1.) 
Based on the respondents’ answers, the strengths and weaknesses of different 
cadastral systems were analyzed. Finally, the six key features of Cadastre 2014 were 
identified. First, cadastre should show the complete legal situation of land, including 
public rights and restrictions. Second, it is recommended to unite maps and registers. 
Third, the cadastral mapping should be replaced by long live modeling. Fourth, paper 
and pencil – cadastre will cease to exist. Fifth, new cadastre should be more privat-
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ized and partnership between private and public sectors should grow. Lastly, the new 
cadastre should be costly recovering. Thus, a new cadastral vision recognized the 
shifting role of governments in society, the evolving relationship between human-
kind and land, the striking influence of technology on cadastral reform, the changing 
role of surveyors in society and the growing role of the private sector in the operation 
of the cadastre. (Kaufmann & Steudler 1998, 15-25.)    
When the year 2014 has arrived, envisioning the future of the cadastral system 
was challenged again. It was decided to review the statements of the previous publi-
cation of 1998, to evaluate them and to put them in the present context. Consequent-
ly, the next report “Cadastre 2014 and beyond” was published. (FIG 2014, 1). The 
new publication reviewed and evaluated the previous six statements, and puts them 
in a present-day context.  
Authors of the new report stated that most of Cadastre 2014’s six visionary 
statements remain highly relevant nowadays, but should be complemented by new 
issues and topics.  Six new challenges were raised in the new report. Land grabbing 
was the first one. It was questioned whether cadastres should play a role in recording 
spatially the land rights conflicts generated by large-scale land purchase or not. The 
problem of food security and recording of the right to food (use, access, and availa-
bility) in cadastres was raised as well. Other identified critical issues included cli-
mate change and the need to record climatic dependent land rights in cadastre, and 
crowd-sourcing concerns such as, which cadastral procedures the crowd should be 
allowed to provide. Finally, adjudication, recording and surveying of the ecologically 
driver property boundaries in green cadastre and global cadastral network were con-
sidered in the report. (Ibid., 58.) 
 
 ”Cadastre 2034” by Land Information of New Zealand  
 
The strategy paper published in New Zealand (2014) pursued the goal to address the 
cadastral system as part of a broader property rights system that is the essential com-
ponent of the former one and enables it to function properly, and to guide further de-
velopment of the geodetic system as the foundation infrastructure for all spatial in-
formation. As stated in the report, the New Zealand strategy intends to fill the gap 
between the modern world-class cadastre and the one needed in the future. Similarly 
to the FIG’s Cadastre 2014, the motive to elaborate the new strategy derived from 
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the rapidly changing society, especially regarding easiness of accessibility to infor-
mation and technological advancement. The modern system, according to the authors 
of the brochure, does not satisfy the needs of the future users due to the lack of clear 
information and complicated access to it, which consequently affects the actions of 
government and private sector and inhibits New Zealand’s economic growth and de-
velopment. (LINZ 2014, 4.) The study resulted in a clearly stated vision that is a 
“…cadastral system that enables people to readily and confidently identify the loca-
tion and extent of all rights, restrictions, and responsibilities related to land and real 
property” (Ibid., 25).  
In order to achieve this vision the authors represent five requirements to be ful-
filled: the need in accurate spatial positioning, easy access to rigorous and reliable 
spatial information on all relevant boundaries, information technology that enables 
users to visualize this boundary information relative to the real world or spatial in-
formation about the real world, the match between the spatial accuracy of infor-
mation about boundaries and the needs of landowners and others for the definition of 
boundaries, and, lastly, the appropriate level of confidence. (Ibid., 26.) These re-
quirements are supposed to be implemented with the help of advanced technologies. 
Further, the report also unleashes strategic goals and gaps for the cadastral system in 
New Zealand and ends with the concrete strategic action plan.  
 
“Cadastre 2034” by Intergovernmental Committee on Surveying and Mapping  
 
Similar to FIG reports and New Zealand Strategy, the Intergovernmental Committee 
on Surveying and Mapping (ICSM) designed the vision of the future cadastre in Aus-
tralia, “Cadastre 2034”, to support the reform of the cadastral system in the country. 
The objective of the project as stated constitutes the promotion of an organised and 
coherent approach to managing changes occurring in many facets of life including 
cadastral environment to support both jurisdictional and national interests. The aim 
of Australian Cadastre 2034 is to fill the gap emerging between what we have at our 
disposal now and what will be needed. Cadastre 2034 responds to upcoming societal 
demands and the challenges they represent. It builds on the achievements of Cadastre 
2014 published by FIG that proclaimed the creation of digital cadastres and contin-
ues the journey to link cadastral information with broader social and legal interests 
on land. (ICSM 2014, 4.) The vision of the future cadastral system is stated as fol-
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lows: “A cadastral system that enables people to readily and confidently identify the 
location and extent of all rights, restrictions and responsibilities related to land and 
real property” (ICSM 2014, 5). ICSM published a national strategy brochure which 
in general resembles in many aspects the one produces by Land Information New 
Zealand, just extrapolating the goals and objective in the Australian context.  
The strategy identified five goals to achieve (ICSM 2014, 18-26):  
• A cadastral system that is fundamental to land ownership and managed 
sustainably; 
• A cadastral system that is accessible, easily visualized and readily under-
stood and used; 
• A cadastral system linked with broader legal and social interests on land; 
• A digital cadastre that is 3-dimensional, dynamic and survey accurate; 
• A federated cadastral system based on common standards.  
2.2.2 Future themes in the operational environment of the Finnish cadastral 
system  
The National Land Survey of Finland (NLS), the major authority that coordinates 
development and maintaining the cadastral system in the country (Riekkinen et al. 
2016, 704), has taken the future of the cadastral system under into consideration. 
Riekkinen et al. (2016) conducted a study aimed at revealing “future themes” affect-
ing the operational environment of the cadastral system in Finland based on envi-
ronmental scanning analysis. Knowing the possible themes for the future, as authors 
claim, the actors of the system may change their own actions based on possible ef-
fects of the drivers. The term “future themes” together with “events” and “phenome-
na” constitute components of the environmental scanning analysis and its definition 
can be explained in the comparison to other two elements. While detecting future 
themes, different events and phenomena were collected and analysed. Events repre-
sent happenings such as piece of news or a topic in the news. They serve as the basis 
of the environmental scanning process. After analyzing, events can be recorded as 
phenomena, which is a recognizable happening without limitations regarding its 
breadth or distribution. Future themes are different broader processes behind the 
phenomena that are created by one or more events. They create the base for phenom-
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ena; they describe a wider scale and views that affect other more visible phenomena 
in the operational system. (Riekkinen et al. 2016, 703-704.) Besides, according to the 
researchers, future themes have ubiquitous nature and each theme may influence all 
the dimensions of the operational environment of the cadastral system, socio-
cultural, political, economic, and ecological.  
Ultimately, Riekkinen et al. (2016, 705) detected 14 future themes in the opera-
tional environment: economic pressure, demographic changes, development of tech-
nology, transparent society, safety, environmental values, globalization, digitaliza-
tion, know-how, quality, political change, soft values, public-private partnership and 
crowd sourcing. Intricacy of these themes is shown in Figure 3. The study revealed 
that there are many diverse agents driving change in the operational environment of 
the cadastral system. The significance and impact of the phenomena relative to these 
14 future themes identified by Riekkinen et al. (2016) from the perspective of rele-
vant stakeholder groups will be explored next in the present Delphi study.  
     
 
Figure 3 The complexity of future themes and phenomena occurring in the opera-
tional environment of the Finnish cadastral system (taken from Riekkinen et al. 2016, 
706) 
 
 The above discussed publications and reports aim at the successful management 
of the cadastral system and risk avoidance on the national or international level as in 
the case with FIG report, in order to meet the needs of future users and to enhance 
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the potential of cadastral system to support decision-making processes in govern-
mental or private entities. The necessity to study the future potential developments of 
the cadastral system has been shaped by the constantly changing external environ-
ment and society. This statement has been confirmed by many experts around the 
globe. The problem of redesigning current cadastre has been tackled from the per-
spectives of various theories such as systems theory, actor-network theory, and insti-
tutional economics. (Çağdaş & Stubkjær 2011, 86.) However, the combination of the 
futures studies perspective and cadastral research as it takes place in the present 
study can be partially considered as a novelty. Previously only Riekkinen et al. 
(2016) applied environmental scanning, a method often assigned to futures studies, 




3 CONCEPTUAL FRAMEWORK 
 
A fundamental question is to choose a strategy how to gather the data and find an-
swers to the research questions, or in other words, to choose a method. The problem 
of choosing the right method depends on the purpose of a study one is going to con-
duct. In the field of futures studies, “methods are chosen based on fundamental ele-
ments and conditions influencing the foresight process; in other words, foresight pro-
cess needs matter” (Popper, 2008, 64). In addition to the purpose of a research, such 
elements as time horizon, target groups, the number of available participants and 
other practical details are important to consider while choosing a method. (Ibid.). 
Another challenge is to distinguish such terms as method, approach, technique 
and tool. On one hand, all these concepts seem to have vague and synonymic mean-
ings. Some methods can be considered as a general frame for a study involving vari-
ous practical techniques and tools used in order to accomplish a goal, when some 
cannot be applied separately without being combined with other techniques. As an 
example, we can look at the process of futures workshop, during which a facilitator 
can use brainstorming method/technique, futures wheel method/technique or rele-
vance tree. In other words, it is a matter of researchers imagination and available re-
sources which method to choose, how to combine it with others or how to modify al-
ready existed techniques.  
This chapter will provide a methodological background of the thesis by intro-
ducing the general idea of futures studies, the concept of megatrends, the Delphi 
technique and scenario building. 
3.1 Futures Studies 
The present research has been designed following the principles of futures studies. In 
order to understand the core research framework of this study it is worth to provide 
general information about futures studies as an interdisciplinary domain.  
Thinking about the future is not a novelty. Futures thinking is a universal activi-
ty that can be traced back to the dawn of human prehistory; every known society has 
conceptions of past, time and future. (Bell 2004, 2.) Futures thinking has evolved 
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along with the evolution of human consciousness. Taking a closer look at papers of 
prominent philosophers over different centuries such as Plato, Thomas More, Louis 
de Molina, Augustine, Kant, Rousseau, we can notice attempts to predict or antici-
pate the future and develop either utopian or apocalyptic scenarios. Bell (1997) and 
Gidley (2017) give detailed overview of the history of mainly western philosophical 
idea focused on the future and the “past of the future” (Gidley 2017, 20).  
However, it is commonly believed that futures studies, futurology or foresight as 
a separate discipline emerged in the middle of the past century. According to Gidley 
(2017), the academic study of the future was born in January 24, 1902 thanks to H. 
G. Wells who constantly emphasized the need in establishing a more formalized and 
systematic study of the future consequences of new technological inventions. How-
ever, Gidley states that his appeals were seriously taken into consideration only fifty 
years later.  
Kuosa (2011) has presented a critical analysis of the evolution of modern futures 
studies. Three stages were identified, i.e. 1940s–1950s, 1960s–1970s, and 1980s to 
modern times. The author labeled the first period, which was shaped under the condi-
tions of emerging advanced technologies, economic growth, urbanization, industrial-
ization and exceeding globalization, as the era of positivism, empiricism, statistical 
analysis, quantitative methods, planning, and financing. The key actor in futures 
studies of that time was RAND (Research and Development) Corporation, U.S. mili-
tary think tank. At the next stage, futures studies were internationalized which means 
that this domain started being accepted in more countries, especially in Europe. This 
was the time of Cold War and pacifist movement, when the threat of nuclear war and 
the energy crisis, when researchers and decision-makers started thinking about long-
er-term consequences especially for younger generations. The key characteristics of 
the last and modern stage of futures studies, according to Kuosa, are quite controver-
sial. On the one hand, we may notice many debates regarding the identity of the 
field, which is a good sign that shows the relevance of this discipline. Further, there 
is a certain degree of stabilization of the field, which means that it became more 
popular to teach futures studies and foresight at universities and other educational in-
stitutions. On the other hand, in this period the number of the new methods devel-
oped inside the field has dropped compared to the previous decades; only one fifth of 
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the total number of futures studies methods has been developed during this time. 
(Kuosa 2011, 331.) 
The term “futurology” was first coined in 1943 by German professor of history 
and government Ossip Flechtheim in his book History and Futurology as the science 
of future systematically and critically examining future questions (Sardar 2009, 178). 
Flechtheim was the first who attempted to create an academic approach to studying 
the future (Gidley 2017, 6). Further, futures studies were philosophized through the 
theory of prediction in the beginning of the Cold War by the RAND Corporation. 
RAND was trying to perfect the science of prediction through developing a range of 
predictive techniques mainly deriving from mathematical methods and relying on the 
newly acquired computer power. (Ibid., 44.) At the same time, RAND initiated 
mixed qualitative and quantitative approaches based on experts’ judgements such as 
Delphi technique and scenario building that will be discussed further in this chapter.  
Conventionally, futures studies distinguish probable, possible and preferred fu-
tures. This division was first raised in 1981 by Amara, who characterized studying of 
probable future as extrapolation of past trends, which therefore has a pessimistic na-
ture. By possible futures he meant creation of alternative visions. The last one, pre-
ferred futures related to normative values. (Gidley 2017, 63.) According to Amara 
(1981), the defining objectives of futures studies are “to help inform perceptions, al-
ternatives and choices about the future by: laying out paths of possibilities (the art of 
the “possible”); examining in detail particular paths and the likelihood of their occur-
ring (the science of the “probable”); expressing preferences for, and implementing, 
particular paths (the politics of the “preferable”)”. (Amara 1981, 646.)  
Thus, futures studies do not intend to predict the future, but to explore many 
possible futures (Masini 1993, 8). The future bears unpredictable nature, because it is 
fundamentally plural and open and can be seen as the arena of possibilities but not of 
discernible inevitabilities (Dator 2002, 6).  
Methodology of futures studies contains many different methods, approaches 
and techniques that were developed during the last decades. Many of these methods 
take their roots from other disciplines such as economics, social and political scienc-
es, environmental sciences and so forth. This hybridization explains why we refer fu-
tures studies to interdisciplinary field. Some of the methods, however, were formed 
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inside futures research field, for example, scenario planning method, futures work-
shop or Delphi method with its numerous variations.  
The validity of futures research is a controversial question that has also been the 
subject of criticism. The key dispute of futures studies lies in distinguishing the sub-
stantial changes in the information flux. The risk that slower and therefore less visi-
ble, but more fundamental changes can be left unnoticed always remains. (Hietanen 
et al. 2003, 412). Another important challenge is related to biased judgement of ex-
perts regarding what is essential and valuable since all decision-making processes 
and envisioning are based on values of individuals in charge. The question of who 
can be considered an expert is the most fundamental one that affects the validity and 
credibility of any futures research. The difficulty however is that there is no universal 
criterion for identifying experts and for measuring the values of different actors. 
Therefore, futures studies as a discipline occurs in risk to be strongly biased. 
(Kamppinen et al. 2003, 39). At the same time, one of the guiding principles of fu-
tures studies is its diversity or multidisciplinarity (Bell 1997), which means that 
opinions from various domains should be included in the envisioning process.  
Another challenge of futures studies raised by Kuosa (2011, 333) lies in frag-
mentation of the discipline. Metaphorically speaking, futures studies serves as a plat-
form where many branches of art, science and policy making meet each other. This 
can be considered as advantage but also as a disadvantage, that creates a barrier for 
final recognition of futures studies as a separate and solid domain. Undoubtedly, fu-
tures thinking, planning and strategy building activities are typical for all the private 
and public entities. Many of them tend to establish their own expertise of anticipating 
future; therefore, there is a huge stream of new practices that results in disorientation 
and lack of organization and the question regarding who should be in charge and 
who holds the expertise in envisioning upcoming tendencies still remains unan-
swered.  
Finally, in the literature it has also been a disputable question whether futures 
studies can be referred to art or science. For instance, Niiniluoto (2001, 376) regards 
futures studies as a design science, which attempts to help the rational planning of 
our future. When it combines the tasks of exploring probable and preferred futures, it 
is a synergy between “theoretical and empirical research, methodology, philosophy, 
and political action” (Niiniluoto 2001, 376).  
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3.2 Concept of Megatrends 
Megatrend analysis is an important part of futures research. Concepts of megatrends 
and trends are close to each other in their core, however central characteristics of 
megatrends is that they last during a longer time span and they entail deeper change 
than regular trends (Krigsholm et al. 2017, 134.) Hiltunen call them “large-scale 
changes” (Hiltunen 2012, 44).The first to introduce the term “megatrend” was John 
Naisbitt in his book “Megatrends” in 1982. Naisbitt (1982, xxiii) elaborated that the 
society seems to be about events, “just moving from one incident -- to the next”, and 
the individual events can only make sense by understanding the processes and large 
patterns underneath. Together with his colleagues, he scanned more than two million 
articles of local newspapers and based their megatrends on these findings. (Naisbitt 
1984, xxiv- xxv.) Later the study has been broadly criticized, and it has been stated 
that all the megatrends were not “mega” or not always even “trends”. (Bell 2003, 
293.) Even if Naisbitt established the existence of macro changes or megatrends, he 
did not propose any definition to label them. As a result, megatrend terminology var-
ies as well as futures studies one and there is no generally accepted set of phenomena 
defined as megatrends, nor is there a set of qualities that should characterize that 
concept. (Hiltunen, 2012, 43.) 
According to Mittelstaedt (2014, 2), “megatrends are complex combinations of 
economic, political, cultural, philosophic, and technological factors, in their origin”. 
Even if they originate from one sphere, they are able to influence on all constituents 
of society. For instance, as it was previously explained in Chapter 2, industrial revo-
lution of the 18th century shaped new socio-economic conditions and entailed the 
emergence of land market that in its turn required cadastral system to carry out new 
functions, i.e. to support legal land transfer.  
Thus, megatrends have capacity to affect many spheres in life without being tied 
to a particular geographical area. They are long lasting therefore according to Hil-
tunen we may presume that they can tell us something about the future. Different fu-
tures oriented institutes and think tanks publish their own megatrend lists that often 
resemble each other to a great extent. Which is not surprisingly, considering that 
nowadays huge stream of information are available with the help of Internet, but get-
ting access to a more particular source is another challenge. Often we may find there 
such changes as globalization, aging demography, and development of advanced 
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technologies, climate change, digitalization, and scarcity of natural resources. (Hil-
tunen 2012, 44.) 
An important feature of megatrends is that their directions can often be recog-
nized but there are not many chances to affect them. Naisbitt (1984, xxxii) describes 
megatrends “like horses, -- easier to ride in the direction they are already going”. 
Groddeck suggests perceiving megatrends as empty signifiers. This refers to that fact 
that megatrends are so overcharged with meaning that they often become meaning-
less, like a fad. This also means that megatrends or empty signifiers are able to blur 
strategic guide and to block further development. (Groddeck 2013, 28.)  
3.3 Delphi technique   
Prior to starting analyzing Delphi as a forecasting tool and an aid in decision-making 
processes, it is fundamental to give a definition of the method. Originally, this tech-
nique was seen as a tool “to obtain the most reliable consensus of intensive question-
naires interspersed with controlled opinion feedback” (Dalkey & Helmer 1963, 458). 
The most widespread definition of the Delphi takes its roots from the first methodo-
logical book that was written by its key developers, Linstone and Turoff in the book 
The Delphi Method. Techniques and Applications, published in 1975. They defined 
Delphi “as a method for structuring a group communication process so that the pro-
cess is effective in allowing a group of individuals, as a whole, to deal with a com-
plex problem” (Linstone & Turoff 1975, 4). Winkler and Moser (2016) gave one of 
the most recent and more detailed definitions of Delphi:  
    “The Delphi methodology is a structured, interactive group communication 
and judgmental forecasting process aiming at systematically exchanging informed 
opinion concerning an uncertainty-bearing field of interest among a panel of selected 
experts and developing consensual understanding that reduces uncertainty and finally 
enhances decision quality” (Ibid., 64).  
Delphi is a mixed, both qualitative and quantitative, long-range forecasting 
technique and decision-making tool to be applied in the uncertain environment. The 
logic behind Delphi assumes that structured group thinking provide more accurate 
judgments than a single expert (Winkler & Moser, 2016). The method is widely ap-
plied in futures research, technological forecasting and decision-making processes. 
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For instance, in Japan, a local institute focused on technology and science, National 
Institute for Science and Technology Policy, NISTEP, conducts every fifth year  
thorough Delphi study on the development of technology in the future. In Finland, 
the Delphi method has been applied, for example, by the Finland Futures Research 
Centre and the Committee for the Future of the Finnish Parliament. (Hiltunen, 2013).  
Gidley (2017) identifies three items of futures studies: the extrapolation of his-
torical experience, the utilization of analytical models, and the systematic use of ex-
perts as forecasters (Gidley 2017, 49). Delphi can be referred to the last one, which is 
typically useful in the technological, social and scientific domains. Delphi is not a 
unified method; it has many variations and is quite flexible by nature. Some re-
searchers consider that Delphi is a set of techniques that have common features such 
as partial or complete anonymity of the participants, structured feedback usually sta-
tistically summarized and iterative rounds. (Murray et al., 1979.) The first experi-
ment using Delphi was conducted in 1948 to improve betting scores at horse races. 
Later, the name “Delphi” was coined by Kaplan, a researcher working for the RAND 
Corporation who headed a study in improving the use of expert predictions in policy-
making. (Woudenberg, 1991.) There, it was decided to name the method after the 
ancient Greek oracle at Delphi, “who offered visions of the future to those who 
sought advice” (Gupta & Clarke, 1996, 185). Ancient Greek Oracle and modern 
Delphi method bare at least two common attributes: the search for knowledge that 
cannot be obtained by rational means as the key activity and policy-making as the 
main field of application. (Marchais-Roubelat & Fabrice Roubelat, 2011.)  In early 
1950s, RAND initiated Project Delphi in order to apply “expert opinion to the selec-
tion – from the point of view of a Soviet strategic planner – of an optimal U.S. indus-
trial target system, with a corresponding estimation of the number of atomic bombs 
required to reduce munitions output by a prescribed amount” (Dalkey, 1963, 1). 
Gordon, Helmer and Dalkey (according to some sources, Nicholas Rescher was also 
a member of the group), stayed at the roots of Delphi’s elaboration and were consid-
ered to be its original developers.  
The main assumption behind Delphi according to which the collective opinion 
of experts is more accurate than individual judgements is based on the so-called 
“theory of errors”. “The basic assumption follows from the old adage; two heads are 
better than one. Extending this wisdom; N heads are better than two. In other words, 
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forecasts (or decisions) that derive from the consensus of a structured group of indi-
viduals will be more accurate than those obtained from at least half of the group”. 
(Parente & Anderson-Parente, 2011, 1705). Its states that, “an aggregate of a group 
will provide a judgement/forecast that is generally superior to that of most of the in-
dividuals within the group” (Rowe et al. 1991, 238).  
Delphi serves as a useful tool in the conditions of severe uncertainty, when ex-
pert judgements regarding a complex issue and when objective factual data is scarce. 
Due to its fundamental feature, flexibility, Delphi “can be used in diverse domains 
for a wide range of complex problems and every time different applications are spe-
cifically tailored according to the nature of the problem and the panel of experts” 
(Winkler & Moser, 2016, 64).  
Nowack et.al. (2011) made an analysis of previous studies on the methodology 
of the technique and defined its three main purposes: 
• Idea generation (e.g. brainstorming, ranking); 
• Judgement function; 
• Consolidation function (narrowing down, consolidate the range of ideas 
by asking the experts to evaluate the importance of the identified items).  
Delphi’s key principles include anonymity, iteration and feedback. The purpose 
of iteration of the questionnaire and group feedback lies in reconsideration of initial 
opinions by a sample. Thus, being familiarized with anonymous group response and 
in some cases with qualitative arguments of their colleagues, participants of the sur-
vey get a chance to listen to new insights, to revise their own views and to change 
their opinions if necessary. Observing the problem from a different angle can result 
in a more accurate judgement making and thus can improve the quality and reliabil-
ity of the final decisions. Anonymity provides experts an opportunity to express their 
judgements privately. As a result, it allows to avoid or mitigate negative social and 
psychological impacts of group communication processes such as “Bandwagon ef-
fect” and group pressure. Group pressure can be emitted by individuals with domi-
nant personalities, from panelists with higher social status or with stronger oratorical 
abilities. (Rowe et al. 1991, 237.) The purpose of giving group feedback is to inform 
participants about the opinions of their anonymous colleagues. Feedback can be or-
ganized in various forms but anonymous element should be maintained. Giving 
feedback is especially fundamental when the purpose of the study is to foster the cre-
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ative thinking and explore new views that goes along with idea-generation function 
of Delphi.  
In science or experimental studies, it is typical to modify the theory unless it 
starts working appropriately and giving accurate and valid results. Delphi is not an 
exception at that point. The method has entangled history and has survived through 
two waves of since it was first applied. Many researchers have thereafter tried to al-
ter the method in order to enhance the desired accuracy. Moreover, other alternatives 
such as Shang inquiry, POSTURE, SPRITE were developed. However Delphi sur-
vived the criticism (Tapio, 2003), and today it is still widely used in practice. New 
modifications, such as combination with other techniques, are still being developed 
and can serve as an evidence that the method has a potential. 
In the relevant literature, there is no unified and commonly used classification of 
Delphi techniques and sometimes different names can refer to the same variation 
(e.g., the Policy Delphi = Dissensus Delphi). Hasson and Keeney (2011) identified 
ten categories of Delphi: classical, modified, decision, policy, real-time, e-Delphi, 
technological, online, argument and disaggregative. They state that Delphi design is 
situational and is constrained by the research problem. Key attributed of each version 
is not easy to specify due to a wide source of wide diversity and application, which 
goes along with the common problem of fragmentation in futures studies that was 
previously discussed.  
Disaggregative Policy Delphi, developed by Tapio, similarly to the Policy Del-
phi aims at defining dissensus, but its final goal is to build scenarios based on differ-
ent groups (clusters) of responses. After analyzing quantitative data, clusters are 
complemented with the qualitative data (answers of the experts to open questions) 
and then holistic scenarios are built. In order to group answers in different categories, 
cluster analysis is applied. This version of Delphi is valuable in gathering qualitative 
and quantitative data and in analyzing interconnections between them, which in the 
end is helpful in building several alternatives of the future, scenarios. According to 
the author, Disaggregative Delphi can lead to innovative grouping of responses that 
are challenging to imagine without special technique. (Tapio 2003, 84.) 
Similarly to the concept of megatrends and the whole idea of futures studies, 
negative evaluations of Delphi techniques have been appearing since the method was 
just introduced at RAND Corporation. Already Dalkey, one of its first developers, 
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was postulating negative aspects of Delphi, including Bandwagon effect and con-
formity caused by statistical feedback of the group response. Nevertheless, he be-
lieved that with further experimentation of Delphi the weaknesses can be reformed. 
(Dalkey, 1963). One the strongest critiques were written by Sackman (1975) and 
Woudenberg (1991). However, even today many modern Delphi advocates and prac-
titioners still persistently point out its possible pitfalls and try to find the ways to 
overcome them.  
The most often debated limitations or weaknesses of Delphi in the literature are 
anonymity, false consensus, poor experts’ selection, judgement change, poorly de-
signed questionnaires, accuracy and poor facilitation. (Murray, 1979.) Some re-
searchers such as Linstone, Bell, Sackman also define general ambiguity of the 
method and lack of theory as a weakness. Gupta et al. (1996) in their bibliography 
report added in this list some new limitations of Delphi such as its conceptual and 
methodological inadequacies, limited value of controlled feedback, and instability of 
responses among consecutive Delphi rounds. They also defined a scope of problems 
connected with individual scoring system, e.g. how to combine individual scores into 
a group score.  
Rowe et al. (1999) published a review and critique on empirical studies that 
aimed at evaluating accuracy of Delphi, coming to conclusion that process of judg-
ment change should be in focus while analyzing effectiveness of the method other-
wise the knowledge about its potential would be poor and not full. The most recent 
summary of Delphi’s drawbacks was conducted by Winkler and Moser (2016) where 
authors list sloppy execution and poorly designed questionnaire, problematic selec-
tion of experts, the potential of anonymity and iteration to lead to forced compromise 
rather than truly consensus, and difficulties in assessing result accuracy and reliabil-
ity.  
Based on Google Ngram Viewer analysis (Fig. 3), we can see how often Delphi 
was mentioned in the publications available in Google since 1963 up to 2008. Figure 
4 shows that after considerable drop in 1990s, method started gaining its popularity 
again in 2000s. Many studies still prove Delphi’s value therefore it was decided to 
apply this technique in the present research. To conclude, Delphi has a flexible na-
ture and many variations of it are possible depending on purposes of a study and 
preferences of a facilitation team. Regardless previously mentioned critical pitfalls, 
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Delphi keeps being practiced by many public and private entities around the globe 










Figure 4 The key words “Delphi study”, “Delphi method” and “Delphi technique” 
displayed by Google Ngram viewer searching Google Books between 1963 and 2008 
(please note that the validity of the absolute values of the graph is modest) 
3.4 Scenario building  
The word “scenario” comes from the theatrical term “scenario”- the script for a film 
or play. In a more academic manner, Godet (2000, 11) defines scenarios as “the set 
formed by the description of a future situation and the course of events that enables 
one to progress from the original situation to the future situation”. Putting it in an-
other way, scenarios are stories developed by people about the way the world might 
or should be in the next decades. In scientific or corporate context, scenarios can be 
defined as a tool for detecting one’s perceptions about alternative futures. (Schwartz 
1996, 3-4.)  
Scenarios building is a broad methodology that can be utilized within any of the 
various approached to futures studies (Gidley 2017, 6). As a strategic planning tool, 
scenario-planning dates back to the Second World War and takes its roots from the 
military, where it was employed in the form of war game simulations. The first pri-
vate entity that utilized scenario building process in its strategy development is con-
sidered to be Royal Dutch/Shell, an international oil enterprise, in which French oil 
executive Pierre Wack, who at that time worked there as a planner, formed a depart-
ment called Group Planning. This department was looking for events that might af-
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fect the price of oil, which was stable in the post second world war period. Looking 
at that situation when USA began to run out of its oil resources and Organization of 
Petroleum Exporting Countries started expanding its influence, Group Planning de-
partment of Dutch Shell realized that Arabic countries could raise prices for their oil. 
Two sets of scenarios were built which helped the company to better adapt to oil 
price shock or so called “energy crisis” in 1973-1974. Only Shell was prepared emo-
tionally for this changes, which enabled it to respond quickly and efficiently and had 
a positive impact on company’s growth and profit.  
The purpose of scenarios therefore is to help change one’s picture of reality, to 
connect present reality with future reality in a more preferred manner. The final out-
put of the scenario building process is not an accurate picture of tomorrow, but a set 
of alternative futures that supports better decisions about the future. (Schwartz 1996, 
8-9). Two decades later, popularity of scenario planning continued growing when 
Peter Schwartz founded the Global Business Network, and the French "strategic pro-
spective" has been established by Jacques Lesourne and Hugues de Jouvenel. (Godet 
& Roubelat 1996, 1). 
Scenarios building rests on the logic of a multiple futures, which means that 
several potential futures are possible. Nowack et al. (2011, 55) compares scenario 
building process with preparation for a hiking tour in the mountains, when one can-
not know what the weather conditions will be and therefore should pack sunglasses, 
a raincoat, and a full set of winter equipment. The number of scenarios in one set 
typically varies from one three to four, however the final number should be chosen in 
accordance with the underlying scenario logic. Typical scenario development process 
consists of framing, scanning, forecasting, scenario transfer, implementing and con-
trolling.  (Ibid., 56-59.) 
Normally, this technique can be categorized into two groups, i.e. exploratory or 
descriptive, when past and present trends are extrapolated into the future and con-
struct probable or possible futures and anticipatory or normative that envision de-
sired or feared futures (Godet 2000, 11). The purpose of exploratory scenarios lies in 
learning- and showing the direction; they try to answer what will and what might 
happen. Anticipatory scenarios established preferred future, focusing on the alterna-
tive paths leading to it (Nygrén et al. 2017, 2-3). Scenarios stimulate the imagination, 
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structure group thinking, and enable “appropriation by decision makers” (Godet 
2000, 8). Wright et al. (2013, 632) defines four purposes of scenario work, i.e.:  
• Sense-making: a one-off “exploratory question-raising scenario project”;  
• Developing strategy: a one-off “decision-making scenario project”;  
• Anticipation: an “on-going exploratory scenario activity”;  
• Action-based organizational learning: an “on-going decision-making activity”. 
 
Based on the extensive literature review made by Cairns et al. (2013), scenario 
building is typically applied in addressing complex, uncertain and ambiguous chal-
lenges in public policy domain. (Cairns 2013, 4). Scenario planning is a method that 
facilitates creative group thinking about alternative futures. Scenarios as future narra-
tives consider a set of plausible and preferred futures that based on the uncertainty 
matrix. The uncertainty matrix typically is represented in the form of two intersect-
ing axes. These axes usually identify relevant megatrends or trends with a significant 
degree of uncertainty when two opposed polarities are possible to distinguish. (Peter-
son et al. 2003, 339). For instance, in the product development processes sustainabil-
ity trend can be considered as an uncertainty with two extreme polarities, i.e. as a 
main driver that pushes higher volumes of production and development of new prod-
ucts and as a stagnating driver that entails legal restrictions. In fact, many strategic 
consultancies nowadays even publish uncertainty catalogues. However, not all the 
scenario techniques consider development of uncertainty axes.  
The biggest asset of utilizing scenario-building process is that scenarios are easy 
to grasp since they are usually presented in the form of narratives, pictures, visual 
graphs or even theatrical performances. Hence, they tend to stay in memory longer 
than long reports. Scenarios encourage us to think differently, from different per-
spective. They help to reduce uncertainty. Additionally, they function as tools for 
communication and encourage discussion. (Hiltunen 2012, 124.) 
Nevertheless, scenarios building method did not avoid criticism as well as pre-
viously discussed approaches. Typical pitfalls in conducting a scenario study is to 
designate scenarios as “business as usual”, “worst case” or “best case”. Some scenar-
ios turn out to be considered as “most probable” or “most unlikely”. This categoriza-
tion often reflects only subjective perspective and psychological bias that imposes a 
risk of ignoring scenarios that seem less obvious or realistic. (Nowack et al. 2011, 
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56.) Another controversial concern related to scenarios refers to their worth and use-
fulness for their end-user. As Godet claims (2000, 20) that scenarios become mean-
ingful only when its results and implications are embodied in real action. Further-
more, the quality of scenario building procedure is one more issue to question. Even 
if this method structures group thinking and stimulates creativity, the quality of the 
group’s idea cannot be guaranteed and is conditioned by many factors. (Ibid., 20.) In 
order to enhance the quality of scenarios building, it can be fruitfully combined with 
other methods such as Delphi, workshop, modelling, backcasting, cross-impact-
analysis and others (Tapio et al. 2017, 41). Nowack et al. (2011, 63) write that such a 
union has a potential to increase credibility, creativity, and objectivity by distributing 
responsibility of a researcher among the experts. Referring to Schwarz et al. 1982, 
Tapio et al.  (2017, 41) label scenario building together with Delphi technique as 
umbrella method that encompass other more specific techniques. They are so called 




4 DELPHI STUDY: DESIGN AND IMPLEMENTATION  
The current chapter gives an overview of the design process of the present study and 
its implementation. Methodological design of this thesis is based on the key objec-
tives of the whole study. The key steps of the research are presented in Figure 5. 
Since this is a future oriented research, techniques and approaches were taken from 
the field of futures studies. The following methodological section provides details on 
the research strategy, questionnaire design, selection of respondents, data collection 











Figure 5 Research steps 
4.1 Design of the Delphi 
4.1.1 Research Strategy 
The research strategy of this thesis was designed according to the Disaggregative 
Delphi technique. The anonymous two round questionnaire composed from numeric 
and open-ended questions was carried out among the experts who represented vari-
ous social and cognitive competence. The core principles of the Delphi questionnaire 
constituted anonymity, iterative process, and provision of the feedback regarding the 
answers among the anonymous participants. Such an approach was considered to be 
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as the most appropriate one since the aim lies in identification of possible and prefer-
able scenarios of development of cadastral; system including the opinions of experts 
from different background and sectors. Both rounds were held in Finnish language.  
With an intention to avoid typical pitfalls commonly met in other Delphi cases, 
a literature review on Delphi methodology was conducted. Many sources talked 
about such critical elements of a typical Delphi study as sloppy execution, selection 
of the panelists, and poorly designed questionnaire.  
The choice of technological implementation of the questionnaire imposed some 
difficulties. Initially, several options were considered. Nowadays, various web-
based platforms (e.g. http://www.delfoi.com or http://webporol.fi) represent one of 
the most popular ways of conducting survey due to conveniences related to time 
saving and efficient data retrieving process. However, in the platform positioning of 
the graphs and question boxes would not be so flexible therefore, in order to keep 
more options for the design of the layout it was decided to conduct questionnaire by 
email using interactive PDF form. The option of a paper-and-pencil questionnaire 
was also evaluated and its potential to have positive influence on response rates was 
taken into consideration, however due to possible technological problems and finan-
cial reasons, interactive PDF form was determined as the most suitable one, which 
was created with the help of PDF-Xchange software. 
4.1.2 Selection of participants 
Following the literature review, the next step was to select a sample. Appropriate se-
lection of the sample is fundamental for the success of any similar study. However, 
there are no universally agreed algorithm and criteria for the selection of experts or 
magic formula to decide who is an expert. As stated in many articles related to Del-
phi technique, sample must be as representative as possible. First, it is vital to set the 
criteria for selecting experts in advance; secondly, it must be stated explicitly in the 
research report (Nowack et al. 2011).  
In order to achieve a comprehensive sample, an expertise matrix was utilized. 
The expertise matrix, first introduced by Kuusi (2006, 114; 2013, 257), serves as an 
aid to assure diversity and quality of Delphi-panel. As emphasized by Varho & Tapio 
(2013, 615), it is a convenient tool to control that all relevant groups of potential re-
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spondents are included in the panel. It helps in recognizing experts with different 
cognitive and social status and ensures transparency of the sample selection process. 
The expertise matrix in this study was modified to match the operational envi-
ronment of the Finnish cadastral system.  Based on the argument that any land infor-
mation system requires a wide variety of users, including government, landowners, 
surveyors, lawyers, real estate managers, and retailers (Dale & McLaughlin 1999, 96) 
and on the typology of people impacted by property objects (Bennett et al. 2008, 
134) described in Chapter 2, we tried to invite representatives of different benefiting 
parties. Since this study focuses on future issues from a national perspective and con-
centrates on the megatrends driving the future development of the Finnish cadastral 
system, our expert panel was composed of Finnish experts. Above all, it was also de-
cided to include background questions in the questionnaire in order to see to which 
sector or organization respondents may represent, years of experience and specific 
domains of expertise. (Krigsholm et al. 2017, 136.)  
Respondents were grouped according to the principle of balance with the help of 
stakeholders’ matrix consisted of cognitive and social expertise as key categories. 
The range of expertise that respondents represent included such cognitive field as 
technology, legislation, cadastral surveys and land use, and consumer preferences. 
Social expertise category was grouped into research, business, administration, non-
governmental organizations and policy-making fields. In total, four categories of 
cognitive and five categories of social expertise relevant to our study are recognized. 
We consider technology, legislation, cadastral surveys and land use, and consumer 
preferences as the fields of cognitive expertise. The fields of social expertise include 
research, business, administration, non-governmental organizations (NGO’s), and 
policy-makers. In identifying potential panelists, we aimed to cover all grids, i.e. all 
categories of expertise. Some examples of recognized actors are listed in Table 2 
(Krigsholm et al. 2017, 136).  






Table 2 Categories of the sample in expertise matrix for the Finnish cadastral system 
and the field of land surveying (taken from Krigsholm et al. 2017, 136) 
 
4.2 First round data collection and analysis  
Prior to sending out the questionnaire, in order to ensure the clarity and relevance of 
the questions, the piloting version was sent out among the ten panelists from different 
fields. Comments and critiques acquired at that stage resulted in the edition of the 
first version and modification of several questions. It is also important to mention 
that the design of the questionnaire was first carried out in English and further trans-
lated into Finnish. The first round was conducted by email with interactive PDF 
forms. The emails were complemented with a cover letter. The purpose of this letter 
was twofold, i.e. to motivate respondents to fill the questionnaire form and to explain 
the objective of the study. Round 1 email was sent to 150 individuals. The initial re-
sponse period was two weeks, and a reminder email was sent after one week. The re-
sponse period was extended by four days due to the low response rate during the ini-
tial period.  
The questionnaire included both closed- and open-ended questions. The open-
ended questions partly supported the numerical answers given in closed-ended ques-
tions. The collected data were analyzed both descriptively (means and standard devi-
ations for close-ended questions) and qualitatively (content analysis for open-ended 
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Figure 6 Extract from the questionnaire form Round 1.  
 
In this study, we used the list of megatrends that was published by German Fore-
sight company Z punkt, a respected consulting entity in the field of futures research 
working with private and public sector clients (Z punkt 2016). (Krigsholm et al. 
2017, 134). The list however was slightly modified. For example, the direction of the 
megatrend was clarified, since originally the drivers were published in the static con-
dition and did not reflect whether the process was increasing or decreasing. Besides, 
one additional megatrend, increasing trend in transparency, accessibility and open 
data, was added in the political group.  
It is worth mentioning that there are many trendspotting companies nowadays 
whose business is built around trend analysis. These companies, institutes and think 
tanks on a regular base produce reports, in which they try to document the identified 
tendencies. Not all of these reports are publicly available though. Some of them are 
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regularly updated by such think tanks as Sitra, Trendsetters, Trendwatching etc. Alt-
hough they are not peer-reviewed, these sources can potentially provide valuable in-
sights in the search for trends that drive current practices in businesses and other or-
ganizations. The choice to include a relatively large number of megatrends (21) in-
cluding social ones that are typically ignored in cadastral research is motivated by 
our intention to look at new emerging developments holistically, which as we as-
sumed would provoke tunnel vision and contribute to broaden our understanding of 
the future of the Finnish cadastral system. (Krigsholm et al. 2017, 134-135). Alterna-
tively, as an initial stage of this research, it could have been possible to conduct envi-
ronmental scanning activity in order to identify macro phenomena relevant only for 
cadastral system. However, this procedure would require sufficient time resources 
and could have resulted in a separate paper. The complete list of megatrends and 
their phenomena is presented below (Table 3). 
 
Table 3 List of megatrends (taken from Z punkt 2016) 
 
INCREASING TREND IN TRANS-
PARENCY, ACCESSIBILITY AND OPEN 
DATA 
Citizen engagement, lack of popular trust in the au-
thorities, and consumer-oriented policies 
DEMOGRAPHIC CHANGE 
Growing global population; Ageing populations; 
Declining populations in the West; Increasing migration 
streams; Demographic shifts 
INDIVIDUALISATION REACHES A 
NEW STAGE 
Individualism, a global phenomenon; Changing re-
lationship patterns: Few strong, many loose relation-
ships; Complex biographies and identities; From mass 
markets to micro markets; Self-sufficiency and DIY-
economics 
SOCIAL AND CULTURAL DISPARI-
TIES 
Growing polarisation of the rich and poor; Precari-
ous lifestyles becoming the norm; Social fragmentation 
across different life situations; Competing and merging 
value systems  
REORGANISATION OF 
HEALTHCARESYSTEMS 
Increasing health awareness and higher personal re-
sponsibility; Changing disease patterns; Sharp increase 
in health expenditure - greater privatisation of costs; Re-
organisation of the healthcare sector; New approaches to 
diagnosis and treatment; New converging markets  
CHANGES TO GENDER ROLES 
Breakdown of traditional gender roles; Increasingly 
important role played by women in the workplace; Ap-
preciation of social and communicative skills; Growing 
importance of a healthy work-life balance; New family 
structures and lifestyles  
NEW PATTERNS OF MOBILITY 
Mobility increases worldwide; Barriers to mobility 
increase; Intermodal mobility patterns; Digital network-
ing of traffic; New vehicle concepts and drive technolo-
gies; Intelligent logistics solutions  
DIGITAL CULTURE Digital technologies pervading and connecting all 
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aspects of daily life; Greater differentiation between digi-
tal lifestyles; Digital natives: New forms of social com-
munication, participation and organisation; Web 3.0 is on 
its way  
LEARNING FROM NATURE 
Natural structures and processes becoming a key 
characteristic of innovation; Bionics incorporated into 
design and technology; Swarm intelligence; Influence of 
biology on production systems— decentralisation and 
the closed-loop economy  
UBIQUITOUS INTELLIGENCE 
Transition towards cloud-based IT; New interfaces 
and intelligent environments; Emergence of the Internet 
of Things; Creation of intelligent infrastructures; Break-
throughs in artificial intelligence and robotics  
TECHNOLOGY CONVERGENCE 
Miniaturisation and nanotechnology becoming key 
drivers of technology convergence; Dynamic innovation 
for new materials and construction methods; Expansion 
of biotechnology; Greater NBIC-convergence to achieve 
the vision of a “second nature”  
GLOBALISATION 
2.0 Shift in the location of economic power centres; 
Volatile economy; Emergence of a global middle class; 
Globally fragmented and distributed value chains; Glob-
alised flow of capital – unrestrained financial sector  
KNOWLEDGE- BASED ECONOMY 
Rising levels of education around the world; Inno-
vation as a key driver and competition factor; Data and 
knowledge-based value creation; New global knowledge 
elite—the creative class; Lifelong learning  
BUSINESSECOSYSTEMS 
New value-chain partnerships; System innovations; 
Business mash-ups—interfaces give rise to new markets; 
Creation of the fourth sector; Complexity management  
CHANGES IN THE WORK WORLD 
Highly dynamic and flexible working practices; 
New managerial and organisational patterns; Collabora-
tive methods of working; Advances in automation  
NEW CONSUMPTION PATTERNS 
Shifts in consumer spending and consumer prefer-
ences; Third World enjoying greater prosperity; Catch-
up consumption in newly-industrialised countries; Sus-
tainable consumption in the West; Change in buying 
habits—hybrid and virtual models; Growing importance 
of collaborative consumption  
ENERGY AND RESOURCES RE-
VERSAL 
Growing energy and resource consumption; Strate-
gic resource scarcities; Use of alternative sources of en-
ergy and renewable resources; Revolution in resource ef-
ficiency; Decentralised infrastructures   
CLIMATE CHANGE AND ENVI-
RONMENTAL IMPACTS 
Rising temperatures and CO2 emissions; Growing 
risks posed by environmental problems in newly-
industrialised and developing countries; Increased food 
shortages; Stricter regulations; Cleantech investments; 
Strategies for mitigating and adapting to climate change  
URBANISATION 
Strong growth of megacities and urban conglom-
erations; Greater structural problems in rural areas; De-
velopment of adapted infrastructure solutions; Sustaina-
ble urban development; New forms of residence, living 
and participation  
NEW POLITICAL WORLD ORDER 
China and India join the ranks of world powers; 
Crisis of Western democracies; New strategic alliances 
in a multipolar world; Transformation of systems; Africa 
awakes  
GLOBAL RISK SOCIETY 
Growing vulnerability of technical and social infra-
structures; Greater number of natural disasters; Asym-
metric conflicts; Global organised crime and cybercrime; 
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Surveillance and monitoring in the transparent society 
 
All the 21 megatrends were further categorized according to PESTE framework 
(Table 4), where “P” stands for political, “E” for economic, “S” for social, “T” for 
technological, “En” ecological/environmental themes. These five categories are used 
to structure thinking and to identify of hidden potential political, economic, social, 
technological and environmental phenomena (Schwartz 1991, 227; Heinonen et al. 
2013, 329). In addition, PESTE-categories correspond with the four elements of the 
operational environment of the cadastre identified by Riekkinen et al. (2016) to a 
considerable extent. As stated by Riekkinen et al. (2016), operational environment is 
the socio-cultural, political, ecological and economic environment in which the ca-
dastre operates. Operational environment of the cadastre is illustrated on Figure 7 











Figure 7 The operational environment of the cadastre. (taken from Riekkinen et al. 
2016, 705) 
 
Each group included several megatrends with their description. The respondents 
were asked to estimate the probable and preferable impact of each megatrend on the 
cadastral system in Finland by 2035. In addition, the relevance criterion under each 
megatrend was also incorporated, since some megatrends could be completely irrel-
evant to the topic of land information system. In the end of each category, respond-
ent has two answer two open questions: What are the ways to make positive impacts 
come true? What other political changes will have impact on cadastral system in 




Table 4 Megatrends by PESTE category (taken from Krigsholm et al. 2017, 135)  
 
Category Megatrends 
Political Transformation of political world order; Global risk society; Increasing 
transparency, accessibility, and open data 
Economic Knowledge-based economy; Business ecosystems; Changes in the work 
environment; Globalization; New consumption patterns 
Social Demographic change; Individualization; Social and cultural disparities; 
Reorganization of healthcare systems; Changes to gender roles; New 
patterns of mobility 
Technological Digital culture; Learning from nature; Ubiquitous intelligence; Tech-
nology convergence 
Environmental Climate change and environmental impacts; Upheaval in energy and 
resources; Urbanization 
 
The potential connection between listed megatrends and the cadastral system 
should be clarified. As stated by Krigsholm et al. (2017, 135) there is only scarce 
previous research on cadastre foresight (e.g. Williamson & Ting 2001), therefore 
studies from related disciplines, for example on sustainability, can be used as a ref-
erence point. Research on sustainability can be one of such examples. Pätäri et al. 
(2016) conducted a study on global sustainability megatrends transforming pulp and 
paper industry, and Retief et al (2016) identified the same forces in the environmen-
tal assessment practice (Ibid.).  
After the results were collected following the principle of the Delphi, all the an-
swers were analysed and integrated in the form of feedback for the next round to 
give a chance for participants to get familiarized with the opinions of their anony-
mous colleagues. The feedback for the quantitative data was given in the form of 
average values and histograms. Numeric data were analysed descriptively, i.e. 
means and standard deviations were calculated. Further, quotations from the open-
ended answers were also included in the feedback in order to increase the argumen-
tation between panelists on the second round. Qualitative data were analysed using 
content analysis. (Krigsholm et al. 2017, 136).  
Results of the first round partially provided answers for the first research ques-
tion: what are the global driving forces shaping the Finnish cadastral system by 
2035? The mean relevance of each megatrend was calculated. Next, the means were 
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compared and those megatrends which relevance was not lower than 1,000 were 
chosen for the further analysis. Means and ranks of all the megatrends according to 
the average value of respondents’ opinion are represented in the Table 5.  The fol-
lowing megatrends were included in the more in-depth analysis: digital culture, 
ubiquitous intelligence, increasing trend in transparency, accessibility, and open da-
ta, urbanization, business ecosystems, new patterns of mobility, global risk society, 
knowledge-based economy and changes in the work world. 
Table 5 List of megatrends and mean and ranking order of the answers. Number of 
respondents, N = 21 (taken from Krigsholm et al. 2017, 137) 
 
Megatrend Mean Rank 
Transformation of political world order 0.429 18 
Global risk society 1.048 7 
Increasing trend on transparency, accessibility, and 
open data 
1.476 3 
Knowledge-based economy 1.048 8 
Business ecosystems 1.190 5 
Changes in the work world 1.000 9 
Globalization 0.905 10 
New consumption patterns 0.762 13 
Demographic change 0.789 11 
New stage of individualism 0.474 17 
Social and cultural disparities 0.579 14 
Reorganization of healthcare systems 0.211 21 
Changes to gender roles 0.333 20 
New patterns of mobility 1.105 6 
Digital culture 1.632 1 
Learning from nature 0.421 19 
Ubiquitous intelligence 1.632 2 
Technology convergence 0.500 16 
Climate change and environmental impacts 0.789 12 
Upheaval in energy and resources 0.526 15 
Urbanization 1.368 4 
 
4.3 Second round data collection and analysis 
The second round was implemented after the first round answers were analyzed and 
summarized for the feedback. The response period for the second round was four 
weeks in total. With an intention to create the iterative process characteristic of Del-
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phi studies, the second round questionnaire was sent out to only 21 experts, who an-
swered in the first round. In the second round, we received 12 responses (Krigsholm 
et al. 2017, 136). 
During the second round, in addition to the same list of megatrends integrated 
feedback was added in the form of graphs and regrouped open-ended answers. The 
purpose of the feedback was to allow panelists to evaluate the numeric answers and 
arguments behind them. An extract from the second round questionnaire is demon-

















Figure 8 Extract from the questionnaire form Round 2 
 
In this round, the experts were asked to reevaluate probable and preferable ef-
fects of the megatrends with the same scale used in the first round. Relevance criteri-
on was not included anymore. Differently from the previous round, respondents were 
asked to give written arguments for each of the megatrend in order to state their 
quantitative evaluations. The aim of this iteration was to provoke nonconventional 
thinking after familiarizing themselves with the quantitative answers and arguments 
of the other participants (Krigsholm et al. 2017, 136).  
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The second round results were mainly used to answer the second research ques-
tion, i.e. what are the alternative scenarios of the operational environment of the ca-
dastral system in Finland? The acquired data were analysed using Statistical Package 
for the Social Sciences version 23 for Windows (SPSS 23; IBM) and Microsoft Ex-
cel (Microsoft Office Professional Plus 2013, Microsoft). Hierarchical cluster analy-
sis combined with Ward’s minimum variance method was conducted. A more de-
tailed description of the analysis will be presented in Chapter 5.  
The quantitative data were analysed by calculating the mean values and the 
standard deviations of the quantitative variables. Both the probable and preferred fu-
ture up to 2035 was asked for as in the previous round. This means that each re-
spondent had the possibility to create two images of the future. As there were 12 re-
spondents in the second round, there were 2*12=24 initial future images. Two of 
them included blank answers to some variables and were therefore excluded from the 
cluster analysis. Altogether 20 complete answers were grouped to form the scenarios. 
Qualitative arguments were collected from the questionnaires and connected to quan-
titative variables and content analyzed.  
Subsequently, the qualitative data were translated from Finnish to English and 
the figures to illustrate the final quantitative results were created. The outcome in the 
form of scenarios is presented in the next chapter.  
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5 RESULTS  
This chapter introduces the outcome of the Delphi study. Following the order of the 
two research questions, first, the relevance criterion was analysed in order to identify 
the most impactful drivers in the operational environment of the cadastral system and 
further, a set of four normative scenarios was constructed based on hierarchical clus-
ter analysis. 
5.1 Driving forces shaping the cadastral system in Finland 
This section provides an answer to the first research question. In the first Delphi 
round 150 respondents were asked to rank the relevance of 21 political, economic, 
social, technological and environmental megatrends affecting the cadastral system 
towards the year 2035 using a three-step Likert scale: “not relevant”, “relevant”, and 
“highly relevant”, scored as 0, 1, and 2 for the analysis (Krigsholm et al. 2017, 136). 
Round 1 questionnaire was sent to 150 experts. The response rate of the first Delphi 
round was 14 %.  
Table 6 presents the results for the perceived importance of megatrends and their 
ranking. Higher mean value indicated higher relevance rank of a megatrend for the 
cadastral system by 2035. Standard deviations are also included in this analysis since 
these indications help interpret the responses: the lower the standard deviation, the 
higher the consensus among the respondents. In ranking megatrends, if two mega-
trends receive the equal mean value, the one with a lower standard deviation is 
ranked lower. Table 6 demonstrates that technological, economic, and political meg-
atrends have higher ranks and thus are considered more relevant, whereas social 
megatrends, on the contrary, are mostly perceived as irrelevant. (Krigsholm et al. 
2017, 136.) 
Based on the ranking, we can distinguish nine the most impactful drivers. The 
relevant megatrends include digital culture, ubiquitous intelligence, increasing trend 
in transparency, accessibility, and open data, urbanization, business ecosystems, new 
patterns of mobility, global risk society, knowledge-based economy and changes in 




Table 6 List of megatrends with assigned variables and mean value of their rele-
vance on the 3 steps Likert scale from 0 to 1, standard deviation, and ranking order 
of the answers. Number of respondents, N = 21 (taken from Krigsholm et al. 2017, 
137) 
 
Variable Megatrend Mean  Standard 
deviation 
Rank 
P1 Transformation of political world order 0.429 0.598 1
18 
P2 Global risk society 1.048 0.384 7
7 
P3 Increasing trend on transparency, accessibility, 
and open data 
1.476 0.602 H
3 
E1 Knowledge-based economy 1.048 0.669 8
8 
E2 Business ecosystems 1.190 0.680 5
5 
E3 Changes in the work world 1.000 0.707 9
9 
E4 Globalization 0.905 0.700 1
10 
E5 New consumption patterns 0.762 0.700 1
13 
S1 Demographic change 0.789 0.768 1
11 
S2 New stage of individualism 0.474 0.507 1
17 
S3 Social and cultural disparities 0.579 0.750 1
14 
S4 Reorganization of healthcare systems 0.211 0.402 2
21 
S5 Changes to gender roles 0.333 0.571 2
20 
S6 New patterns of mobility 1.105 0.793 6
6 
T1 Digital culture 1.632 0.498 1
1 
T2 Learning from nature 0.421 0.590 1
19 
T3 Ubiquitous intelligence 1.632 0.590 2
2 
T4 Technology convergence 0.500 0.510 1
16 
En1 Climate change and environmental impacts 0.789 0.680 1
12 
En2 Upheaval in energy and resources 0.526 0.746 1
15 




Ranking in the Table 6 demonstrates that the most relevant megatrend for the fu-
ture of the Finnish cadastral system is digital culture. This phenomenon consists of 
such factors as social communication, participation and organization, and digitaliza-
tion of everyday life. According to the overall opinion of the respondents, the ad-
vanced technologies should improve the capacity of the cadastral system, make it 
easier to use and more user-friendly. As one of the respondents noticed: 
“Cadastral system should be integrated with other web interfaces and virtual 
realities.”   
The second most relevant megatrend is ubiquitous intelligence, with the same 
mean value as digital culture but with a higher standard deviation. This phenomenon 
can be described as a transition towards cloud-based IT, new interfaces and intelli-
gent environments, emergence of the Internet of things, creation of intelligent infra-
structures and breakthroughs in artificial intelligence and robotics (Z punkt 2016, 
Krigsholm et al. 2017, 137).  
“Getting access to the digital cadastral system information will open great op-
portunities and will create completely new information connected to other ser-
vices…" 
The increasing megatrend towards transparency, accessibility, and open data 
were ranked as the third most relevant megatrend. This tendency can be character-
ized as citizen engagement, lack of popular trust in the authorities, and consumer-
oriented policies (Krigsholm et al. 2017, 137). Some elaborations of the respondents 
on how increasing degree of transparency and access to the data may affect cadastral 
system are presented below: 
"Increasing transparency, for example, requires restricted data protection, but 
also the clarification of the roles of different actors in the society and common oper-
ating models." 
 
"Open data and change in consumer behaviour, together with the widespread 
utilization of digitalisation, change the significance of the cadastral system. In the fu-
ture, cadastre will be a self-service tool maintained by society through mobile appli-
cations. The authority level will become almost invisible and soon the users of the 




Urbanization and business ecosystems were ranked as the fourth and fifth most 
relevant megatrends (Krigsholm et al. 2017, 137). Urbanization comprised such fac-
tors as sustainable urban development, the strong growth of megacities and urban 
conglomerations, and new forms of residence. Increasing urbanization increases the 
need for planning, building urban environments that in response bring the need for 
3D cadastre. It expands the amount of data in the system imposing at the same time 
stricter requirements for the accuracy of information. Urbanization also brings new 
challenges and problems such as overpopulation and high density leads to vertical 
planning of the city that makes it difficult to define borders underground. At the 
same time, together with other megatrends urbanization brings new forms of housing 
and ownership that will change the cadastral system as well.  
Business ecosystems consisted of new value-chain partnerships, system innova-
tions, interfaces that give rise to new markets, and complexity management. Four fi-
nal megatrends included in the further analysis were new patterns of mobility, global 
risk society, knowledge-based economy and changes in the work world. 
Selected qualitative comments regarding business ecosystems from the first 
round responses:  
 
“Deepening globalization can also lead to the narrowing of production and, 
possibly, the depreciation of the Nordic welfare model. The prerequisites for main-
taining a well-functioning Nordic welfare state may fail.”  
 
"Changing working life together with technological development will revolution-
ize catastrophe maintenance methods and related data collection. Multi-channel and 
automated data collection replaces almost entirely human work. The concepts of "le-
gal cadastral survey", "application for mortgage document" or "register’s control-
ler’s decision" currently known in the catastrophe are lost and replaced by concepts 
related to data stream management.”  
 
Figure 9 demonstrates that relevance criterion and perceived significance have 
similar results. According to ranking, technological megatrends were considered the 
most relevant as well as they are expected to have the strongest impact on the devel-
opment of the Finnish cadastral system. The average for the probable impact for both 
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the digital culture (first round mean 1.62 and second round mean 1.67) and ubiqui-
tous intelligence (1.57 and 1.58) is over 1.5, which indicates that they are expected to 
shape the cadastral system significantly by year 2035. Urbanization (1.48 and 1.42), 
increasing trend in transparency, accessibility, and open data (1.43 and 1.42), and 
global risk society (1.05 and 1.17) are foreseen as the third, fourth and fifth most 
probable influential factors for the Finnish cadastral system. Changing work world 
(1.14 and 1.08), new patterns of mobility (1.14 and 1.08), business ecosystems (1.19 
and 1.0), and knowledge-based economy (1.10 and 1.0) come after with arithmetic 
averages slightly around 1. (Krigsholm et al. 2017, 137.) 
 
Figure 9 Mean values of probable and preferred impacts of relevant megatrends un-
der Round 1 and Round 2 (adapted from Krigsholm et al. 2017, 137) 
      
The diagram in Figure 9 illustrates that the impacts of all of the nine examined 
megatrends are considered more probable than preferred. The potential explanation 
to this pattern could be that fact that the respondents more negative effects coming 
from these megatrends causing unwanted consequences even considering the estab-
lished opinion that the current form of the cadastral system in Finland should be re-
designed. Our study also includes a clear example of a megatrend that most likely is 
56 
 
viewed as a threat in this particular context: the global risk society. The preferable 
impacts of global risk society on cadastral system were the only negative values 
among the 32 (8x4) estimations (Krigsholm et al. 2017, 137-138). One of the sugges-
tions for further studies could be to conduct an environmental scanning of desirable 
driving forces of the Finnish cadastral system that would impose more positive trans-
formation processes.   
5.2 Scenarios 
5.2.1 Clustering in numbers 
This section provides the answer to the second research question, i.e. what are the al-
ternative future developments of the operational environment of the cadastral system 
in Finland by 2035. Results of the hierarchical cluster analysis are described in fig-
ures and, further, a set of four normative scenarios is presented. The combination of 
a quantitative cluster and qualitative arguments of the cases within the cluster can be 
considered here as scenarios. Scenarios are built based on numerical data and open-
ended arguments from the second round of the questionnaire. This material provided 
us with arguments, meanings and rationale of the scenarios following the Disaggre-
gative Policy Delphi technique (Tapio et al. 2017, 36). Scenarios are introduced in a 
form of narratives provided with illustrative material. 
The results of the cluster analysis can be illustrated by looking at the dendro-
gram (Figure 10), which demonstrates how grouping of the cases are processed at 
each phase. The dendrogram below shows 20 clusters, however according to the 
methodological instructions, cluster analysis cannot decide the proper number of 
scenarios and therefore this choice belongs to the researcher (Tapio 2002, 84). In this 
study, four scenarios were chosen as the most optimal range. The scenarios that were 
formed include: 
1) Digital, Ubiquitous, Accessible  
2) Antisocial & User-friendly  
3) Relative consonance  











Figure 10 Formation of clusters indicated by icicle graphs (1a) and dendrogram (1b). 
Red lines indicate cluster cut points 
 
The scenarios differ in how much they envision operational environment of the 
land register system in Finland by 2035. Based on the second round questionnaire 
they cover diverse political, economic, social, technological and environmental phe-
nomena. The numeric responses were complemented with the qualitative data gath-
ered during the second round of Delphi, when each expert had a chance to get famil-
iarized with comments of other respondents from the previous round and to revise 
his or her opinion based on these collective judgments. Next, each scenario is de-
scribed and illustrated by quotes from the respondents. Names of the respondents are 
not presented due to the anonymity criterion of this study; therefore, each individual 
was assigned with a personal code.  
During the second round, those 21 experts who filled the first round form were 
asked to revise and comment their answers again. Response rate for the second round 
was higher than for the previous one and constituted 57%, however the overall num-
ber of participants was almost twice lower than in the first round (Figure 11). The 
expert panel was represented by respondents from government organization (12 re-
spondents), municipalities (4 respondents), private sector (3 respondents), research 
institutions (1 respondent) and regional council (1). Panelists from government or-
ganization all represented National Land Survey. Other areas of expertise that panel-
ists listed out themselves included real estate appraisal, cadastral surveys, strategy 
and quality work, credit granting and collaterals, land use planning, GIS, and photo-
grammetry. The average working experience of the panelists was almost 25 years. 















Figure 11 Response rate during Round 1 & 2 
 
Following the principle of Disaggregative Policy Delphi, results of the cluster 
analysis were used as the template for scenarios. The mean and standard deviations 
of the answers categorized by clusters are presented in Table 7, and further illustrated 
in Figure 12. All variables are on five-point Likert scale ranging from -2 to 2, with 
negative values indicating a decreasing impact by 2035, zero an unchanged impact, 
and positive values an increasing impact. The qualitative answers were analyzed to 
provide arguments behind the numeric data. The scenarios were afterwards named 
based on their core characteristics.  
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P1 0.71 0.48 0.00 0.00 1.00 0.00 -0.50 0.70 
P2 1.00 0.00 -0.11 0.92 2.00 0.00 -2.00 0.00 
P3 1.42 0.53 1.22 0.66 2.00 0.00 0.00 0.00 
E1 0.71 0.48 1.00 0.50 2.00 0.00 1.50 0.70 
E2 0.85 0.37 1.11 0.60 2.00 0.00 1.00 0.00 
E3 1.42 0.78 0.88 0.60 1.00 0.00 2.00 0.00 
E4 0.85 0.37 0.00 0.50 1.50 0.70 0.00 0.00 
E5 0.85 0.37 0.00 0.00 0.50 0.70 1.50 0.70 
S1 1.00 0.00 0.10 0.33 2.00 0.00 -0.50 0.70 
S2 0.00 0.57 -0.11 0.33 0.50 0.70 -0.50 0.70 
S3 0.28 0.48 0.11 0.33 0.50 0.70 -1.50 0.70 
S4 0.57 0.78 0.00 0.00 0.00 0.00 -0.50 0.70 
S5 0.42 0.53 0.00 0.00 0.00 0.00 1.00 1.40 
S6 1.28 0.48 0.33 0.50 1.50 0.70 0.00 1.40 
T1 1.57 0.53 1.44 0.52 2.00 0.00 1.00 0.00 
T2 0.57 0.53 0.55 0.52 0.50 0.70 0.00 0.00 
T3 1.57 0.53 1.33 0.50 2.00 0.00 0.00 0.00 
T4 0.57 0.53 0.77 0.60 1.50 0.70 1.00 1.40 
En1 0.57 0.53 0.66 0.50 1.00 1.41 -1.50 0.70 
En2 0.57 0.53 0.33 0.50 0.50 0.70 0.00 0.00 
En3 1.00 0.57 0.88 0.33 2.00 0.00 0.50 0.70 
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Note: Transformation of political order (P1), Global risk society (P2), Increasing trend in 
transparency, accessibility, and open data (P3), Knowledge-based economy (E1), Business eco-
systems (E2), Changes in the work world (E3), Globalization (E4), New consumption patterns 
(E5), Demographic change (S1), New stage of individualism (S2), Social and cultural dispari-
ties (S3), Reorganization of healthcare systems (S4), Changes to gender roles (S5), New pat-
terns of mobility (S6), Digital culture (T1), Learning from nature (T2), Ubiquitous intelligence 
(T3), Technology convergence (T4), Climate change and environmental impacts (En1), Up-
















Figure 12 Hierarchical cluster analysis results for four main clusters, indicating the 
mean and standard deviations for each question 
Note: Transformation of political order (P1), Global risk society (P2), Increasing trend in 
transparency, accessibility, and open data (P3), Knowledge-based economy (E1), Business 
ecosystems (E2), Changes in the work world (E3), Globalization (E4), New consumption 
patterns (E5), Demographic change (S1), New stage of individualism (S2), Social and cul-
tural disparities (S3), Reorganization of healthcare systems (S4), Changes to gender roles 
(S5), New patterns of mobility (S6), Digital culture (T1), Learning from nature (T2), Ubiqui-
tous intelligence (T3), Technology convergence (T4), Climate change and environmental im-
pacts (En1), Upheaval in energy and resources (En2), Urbanization (En3). 
 
The four scenarios have five core components based on PESTE framework and 
difference between them will be discussed further. Figure 13 represents five bar 
charts with political, economic, social, technological and environmental megatrends 
are presented by cluster. Prior to describing the scenarios, it is important to see the 
difference between these five PESTE categories in each cluster.  
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As it can be seen in cluster 1 and 3, political megatrends tend to have more im-
pact on the development of cadastral system, whereas in cluster 2 and 4 its impact is 
less substantial. Interestingly that in all four clusters, economic megatrends have 
higher importance, which means that according to all the respondents, in any alterna-
tive futures development of the cadastral system will be affected by economic 
tendencies, however in cluster 4 globalisation has zero impact. The most prominent 
economic trends are knowledge-based economy, business ecosystems, and changing 
work world. Social driving forces have clearly less importance especially in cluster 
4. Technological megatrends together with economic ones have higher impact than 
social and political phenomena. The most impactful social megatrends are demo-
graphic change and new patterns of mobility. Cluster 3 is the one mostly driven by 
technological change with highest rank in digitalization and ubiquitous intelligence. 
When it comes to the environmental megatrends, in all the clusters the highest value 
assigns to urbanization. Cluster 1 and 2 do not differ significantly in this sense, 
whereas cluster 3 and 4 present more diverse views. Based on these observations, we 
can suppose that according the respondents’ views, environmental changes such as 
climate change and growing energy resources consumption have lower impact on the 
development of land register system. Each of the scenarios is described next in the 


















Note: Transformation of political order (P1), Global risk society (P2), Increasing trend in 
transparency, accessibility, and open data (P3), Knowledge-based economy (E1), Business 
ecosystems (E2), Changes in the work world (E3), Globalization (E4), New consumption 
patterns (E5), Demographic change (S1), New stage of individualism (S2), Social and cul-
tural disparities (S3), Reorganization of healthcare systems (S4), Changes to gender roles 
(S5), New patterns of mobility (S6), Digital culture (T1), Learning from nature (T2), Ubiqui-
tous intelligence (T3), Technology convergence (T4), Climate change and environmental im-
pacts (En1), Upheaval in energy and resources (En2), Urbanization (En3). 
5.2.2 Future narratives 
Scenario 1 “Digital, ubiquitous, accessible” 
 
The first scenario is called “Digital, ubiquitous, accessible” (Figure 14) as it in-
cludes higher impact of technological megatrends in respect to other PESTE factors. 
This is a more probable scenario with 6 probable and 1 preferred images. Represen-
tation of all the PESTE factors in this scenario looks balanced enough. The main pe-
culiarity of this vision is that it highlights essentiality of technological advance-
ments. We can observe clear dominance of two technological megatrends, i.e. digi-
talization and ubiquitous intelligence.  
Related to that, respondent G elaborates that owners of the property should 
have access to cadastral system to fix possible mistakes in marking the boundaries. 
Visibility and accuracy of registered information should be enhanced with the help 
of advanced technologies. Since the nature of the information is changing, up-to-
date information should be accessed easily. Cadastral system should also be adapted 
to customer needs and easy to use without external help of a professional.   
Social megatrends such as individualism or social and cultural disparities have 
minor impact on the cadastral system in this scenario. For instance, according to re-
spondent C, “cadastre is a database that is to a large extent independent on social 
and cultural differences”. However, new patterns of mobility is valued as one of the 
dominant trends in this scenario as well.  
Other influential megatrends are political and economic ones. As we can see, 
tendency on the increasing transparency and open data together with changing world 




“Open data and changes in consumer behavior, together with the widespread 
utilization of digitalisation transform the meaning of cadastral system. In the future, 
cadastre will function as a self-service tool maintained by society; its data will be 
utilized in mobile ad hoc where data need arises. The authorities will lose its func-
tions and soon users of the cadastral system will not even know where the infor-
mation originally comes from. It will be enough to be up to date, reliable and easy to 
use.”  
 
Figure 14 Scenario 1 
 
Scenario 2 “Antisocial & User-friendly” 
 
The second scenario is labeled as “Antisocial & User-friendly” (Figure 15). This sce-
nario reflects more preferred futures since out of 9 respondents, 7 represent preferred 
and 2 probable future. The difference between first and second scenario is not signif-
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icant. The most distinguishing attribute of this scenario is a very low impact of social 
and political phenomena. For instance, the impact of demographic change, individu-
alism, social and cultural disparities, new healthcare system is around zero. Respond-
ent B states that the influence of these drivers on the cadastral system is missing. 
Sharing the same opinion, respondent H comments that it is difficult to find criterion 
regarding how changes in healthcare system could change cadastral system, however 
in case of a dangerous epidemic (e.g. bird flu) also the cadastre could have been af-
fected.  
     
Figure 15 Scenario 2 
 
This vision is mainly driven by technological and economic change. Likewise the 
first scenario, the highest impact comes from technological megatrends, i.e. digitaliza-




“Thanks to digitalization, new opportunities and ways to utilize information are 
emerging.” (Respondent B) 
 
“Digitalization changes principles of all other service systems as well, but at the 
same time they all are driven by customer experience.” (Respondent H) 
 
“Augmented reality connects virtual reality and real world.” (Respondent B) 
 
“Ubiquitous intelligence changes the nature of information, it eases its gather-
ing and the role of the authorities in controlling land register system diminishes (be-
comes less important) or even disappears.” (Respondent H) 
 
Nevertheless, one political factor, increasing transparency and open data has 
quite a high value (1.22) in this scenario. As respondent G points out: 
 
“Transparency and digitalization go forward. The use of data is changing. The 
real world and the registers are connected in a user-friendly way to increase their 
maintenance. The role of authority changes and their functions are supported by citi-
zens. Individuals take care of their properties, including the digital information on 
their property.” (Respondent G) 
 
When it comes to global risk society, respondents in this scenario valued its im-
pact as -0.11. However, according to respondent H and E since the time for the cen-
tralized registers is ending, cybercrime is increasing dramatically and should be taken 
into consideration even in land management domain. 
 
Scenarios 3 “Relative consonance” 
 
Scenario 3 is called “Relative consonance” as all the megatrends from each PESTE 
category here have considerable or at least positive (higher than 0) affect the devel-
opment of cadastral system. This scenario reflects solely probable futures since it is 
composed out of 2 probable images. As Figure 16 demonstrates, two political (global 
risk society & increasing trend in transparency), two economic (knowledge-based 
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economy & business-ecosystems), one social (demographic change), two technologi-
cal (digital culture & ubiquitous intelligence) and one environmental (urbanization) 
megatrends have highest impact here.  
In regard with global risks and migration processes respondent D highlights: 
“Our system is stable, but we do not live in a vacuum. Desirable and undesira-
ble migration will put pressure on a wide range of issues in the future.”  
 
 
Figure 16 Scenario 3 
 
Respondent H claims that the need for a common European cadastral register is 
growing because of the globalized real estate market. Transparency and open access 
instead entail emergence of plenty of new commercial applications and the time of 
the centralized registers is coming to an end (Respondent H). Due to that, respondent 
D recommends authorities to focus on securing a good infrastructure and allow 
commercial operators to evaluate the potential for success and product development 
of different "handy" user interfaces.  
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Knowledge-based economy and business ecosystems will have considerable im-
pact as well: 
“Development of the cadastral system should be driven by the improvement of 
the customer service experience more than by the need to manage the entire histori-
cal data and its different layers.” (Respondent H) 
 
When it comes to demographic change, aging of the population will have a huge 
impact on cadastral system since real estate ownership increases considerably be-
cause people inherit property more and more, which instead will entail difficulties in 
dividing the parcels (Respondent H). Digitalization, ubiquitous intelligence, and ur-
banization have the highest value. Selected qualitative comments from the second 
round responses: 
“Block chains overwhelm traditional centralized repositories. The controlling 
role of authorities in the change of property will be significantly reduced or com-
pletely eliminated.” (Respondent H) 
 
“Excessive digitalization can be dangerous as well.” (Respondent D) 
As in previous scenarios, the 0 impact assigns to changing gender roles and new 
patterns of mobility.  
 
Scenario 4 “New Capitalism” 
 
The fourth scenario is called “New capitalism” (Figure 17). This vision deviates from 
the others in a more considerable manner. The cluster that forms this scenario is 
based on the responses of the two preferred futures. From the rather scarce set of 
open-ended arguments the rationale of the scenario is not entirely clear. Several in-
terpretations can be made here. The core driving force in this future vision comes 
from economic transformations, i.e. changing work world, knowledge based econo-
my and new consumption patterns, which drive the future of the cadastre. Respond-
ent L notices that development of the new cadastral system should be modelled to-
gether with younger generation. 
Two technological factors, learning from nature and ubiquitous intelligence, 
have 0 impact. Political factor such as global risk society has the lowest impact, -2. 
Respondent K emphasizes the importance of taking into consideration local condi-
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tions and needs. Social and cultural disparities and climate change have low impact 
as well. Compared to other scenarios, this vision is less driven by environmental 
change and has relatively low technological impact. 
 
Figure 17 Scenario 4 
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6 DISCUSSION  
6.1 Validity and reliability of the study 
The validity and reliability are considered to be important attributes of any scientific 
study. They are the fundamental principles for the evaluation of the research. Relia-
bility stays for repeatability of the findings of a study. Reliability of a Delphi study is 
difficult to verify since as in the case with this thesis, it is typically based on mixed 
qualitative and quantitative analysis. Subjective judgements of the participants of a 
study can be assessed in this manner. When it comes to validity, this criterion can be 
traditionally divided into internal and external one. Internal validity refers to design 
structure and steps of a scientific process, whereas external one goes to the applica-
bility of the results of a study in different contexts. (Thietart 2001, 196.) The findings 
of this study can be applied to other geographical regions since phenomena consid-
ered in this research are global and massive, however it would be more preferred to 
conduct a similar study among the international group of experts, as was suggested 
by, for instance, Krigsholm et al. (2017) and Bogaerts & Zevenberg (2001).  
As typical for any Delphi study, the validity of this research may be affected by 
the number of experts in a sample (Rowe et al. 1991, 242). 21 experts participated in 
the first Delphi round and 12 in the second one. This particular group is only one 
sample in the huge pool of experts that are working in different land administration 
units. The response rates during the first round was 14 % out of total 150, and 57 % 
during the second out of total 21. The low response rate could have been improved 
by calling all the experts by phone and discussing the questionnaire with them, so 
conducting a Real-time Delphi. Alternatively, a futures workshop or a face-to-face 
stakeholder seminar (Tapio et al. 2017, 40) could have been organized at the final 
stage to motivate people to discuss their ideas in groups. One more explanation to the 
low response rate could be technological aspect of this study. The questionnaire 
nowadays are typically conducted through various online platforms that helps save 
respondents’ time on downloading the form, naming it and sending it back.  
However, as it was justified in Chapter 4 the interactive PDF form allowed us to 
construct flexible layout in a more creative manner. It could have been also fruitful 
for future methodological considerations, to ask panelists to comment on the quality 
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of the questionnaire, formulation of the questions and the difficulties they faced with 
while filling it. On the other hand, according to a recent review of 63 Policy Delphi 
studies, most of them typically involve from 10 to 50 experts (Nygrén et al. 2017, 4). 
Hence, it is an argumentative question whether low response rate in this study can be 
considered as a limitation or not.  
Further, it must be acknowledged that the qualitative data were quite scarce and 
making scenarios based on that was relatively challenging. This could also be eluci-
dated by the topic of the study, which is first rather technical and is usually not dis-
cussed from the social angle. Therefore, thinking of the future of the cadastral system 
and how it may be affected by, for instance, climate change or changes in the 
healthcare sector could seem like brainteaser, especially if it has to be imagined in 
two different realities, probable and preferred, almost two decades from now.  How-
beit, the goal was to encourage peripheral thinking among the panelists and this is 
why such a long, almost 20-year time horizon was set. (Krigsholm et al, 2017, 138.)  
Another difficulty of this study was to explain the concept of megatrends and to 
distinguish it with more simple and common for the audience term “trends”. As it 
was mentioned in methodological background, megatrend itself is a volatile concept 
and nowadays still, there is lack of strict terminology and explanations regarding this 
phenomenon (Ibid.). This obviously complicates the task of identifying relevant 
megatrends and assessing how panelists perceive the importance of different mega-
trends. Our questionnaire listed under each megatrend some phenomena that can be 
considered to form part of that megatrend. The idea was to steer the respondents in 
the right direction, but there is of course the risk that the list draws the respondents’ 
attention to just one or a few phenomena instead of the megatrend itself. Another 
difficulty arising from the complexity of the concept of megatrend was that the re-
spondents identified similar anticipated impacts stemming from different megatrends. 
For example, innovations and new forms of partnership were often mentioned in 
connection with both business ecosystems and increasing transparency, accessibility, 
and open data. (Ibid.) This, on the other hand, reaffirms the idea that megatrends are 
massive phenomena that do not determine only one sphere, but have broader diapa-
son (Mittelstaedt et al. 2014).  
What is more, the Delphi technique can be questioned for relying too much on 
the cognitive and social expertise of the panelists. It is an arguable question whether 
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one can be considered an expert in judging possibility and probability of future 
events since the future has not unfold yet. In this case, Delphi’s apologists usually 
appeal to the fact that Delphi so as futures studies in general does not intent to fore-
cast the future, but explores multiple futures and provokes discussion that in its turn 
would impact decision-making process.  
Nevertheless, aside from the apparent limitations, this thesis also comprises pos-
itive aspects and one of them is its novelty, i.e. synergy of two disciplines, cadastral 
research and futures studies or foresight represented by Disaggregative Policy Del-
phi. This is one of the first studies in the field of land management that considers the 
development of the cadastral system from the perspective of futures studies. As it 
was stated by Krigsholm et al. (2017), future-oriented studies in the field of land 
management are still scarce. Typically, most publications have been industry-led and 
heavily focused on the development of cadastral systems (Krigsholm et al. 2017, 
133). 
6.2 Discussion on the findings  
The first research question focused on investigating the most important driving forc-
es shaping the operational environment of the Finnish cadastral system towards the 
year 2035. All together 21 megatrends were ranked in the first round. The means and 
standard deviation of each megatrend ranking was calculated. If the mean value was 
higher than 1.00, the megatrend was considered relevant. After the first round and 
calculating the means of each megatrend, the most important ones were digital cul-
ture, ubiquitous intelligence, increasing trend in transparency, accessibility, and open 
data, urbanization, business ecosystems, global risk society, knowledge-based econ-
omy and changing work world. Surprisingly, some results did not match with the 
previously conducted research by Riekkinen et al. (2016) and Williamson and Ting 
(2001). For instance, in both studies globalization was recognized as one of the 14 
themes relevant to the future operating environment of the Finnish cadastral system 
and as an important global driver for land administration. Whereas according to the 
results of the present research, globalization was considered of relatively little signif-
icance. Further, it was expected to see the increasing need for a 3D/4D cadastre and 
beyond, but no one mentioned this concept. One explanation to that could be the 
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suggestion that in this development is already taken for granted as being implement-
ed in 2035. (Krigsholm et al. 2017, 138.)  
Considering everything, there are some similarities with earlier publications that 
deserve to be mentioned. Tendency towards accessibility, digitalization and ad-
vanced technologies were highlighted as driving forces in other strategic reports on 
the future of cadastre (LINZ 2014, FIG 2014, ICSM 2014). Urbanization is another 
driver that has emerged in earlier studies (e.g. Williamson & Ting, 2001) (Ibid.).  
As for the second research question, a set of four normative scenarios was con-
structed based on hierarchical cluster analysis. The core plot of the scenarios was 
built around 21 megatrends that interconnected with the subject of future themes and 
phenomena occurring in the operational environment of the Finnish cadastral system, 
identified by Riekkinen et al. (2016). The connection between the complexity of 
these future themes, which were discussed in Chapter 2, and the scenarios of the pre-
sent thesis are illustrated in Figure 18. Driving forces written in a bigger font size re-
















Figure 18 Visualization of the interconnectedness of the four scenarios and the 
complexity of future themes and phenomena occurring in the operational environ-
ment of the Finnish cadastral system identified by Riekkinen et al. (2016, 706)  
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Note: Transformation of political order (P1), Global risk society (P2), Increasing trend in 
transparency, accessibility, and open data (P3), Knowledge-based economy (E1), Business 
ecosystems (E2), Changes in the work world (E3), Globalization (E4), New consumption 
patterns (E5), Demographic change (S1), New stage of individualism (S2), Social and cul-
tural disparities (S3), Reorganization of healthcare systems (S4), Changes to gender roles 
(S5), New patterns of mobility (S6), Digital culture (T1), Learning from nature (T2), Ubiq-
uitous intelligence (T3), Technology convergence (T4), Climate change and environmental 
impacts (En1), Upheaval in energy and resources (En2), Urbanization (En3). 
 
Results of the scenario analysis cannot be left without conclusions as well. First, 
as it was expected based on the relevance ranking under the first round, impacts of 
technological and economic megatrends prevail in three out of four scenarios. 
Hence, we may conclude that the future of the cadastral system will be most proba-
bly driven by such macro phenomena as digital culture and ubiquitous intelligence. 
Although these scenarios underline four different future alternatives, the degree of 
resemblance is still high.  
First two scenarios represent mixed preferred and probable visions. The third 
scenario is based on merely probable estimations; fourth scenario represents solely 
preferred future. In all the scenarios, the most impactful megatrends were consid-
ered to be technological and economic ones. Second group of megatrends was com-
posed of political and environmental tendencies, and social factors gained equally 
low value. Scenario 1 and 3 stay very close to each other. They mainly correspond 
to what was previously said in other strategies developed by FIG, LINZ, and ICSM.  
Scenario 2 has surprisingly low importance of social megatrends, which seems 
barely probable since the purpose of the cadastre is to regulate land use in the socie-
ty. Scenario 4 can be considered as the most peculiar one as it does not follow com-
mon mainstream, i.e. technological megatrends in this vision have relatively low im-
pact compared to other scenarios. This scenario is driven by changes in the work 
world, which is a social driver. Since this scenario reflects solely preferred future, 
this observation provokes further thinking whether panelists believe that the speed of 
technological development is too rapid and hence is less preferred.  
In regard with more technical aspects of this analysis, the numeric data set of the 
second round was modified, since two respondents left unanswered questions. The 
data could have been manipulated with assigning 5 different values (i.e. -2, -1, 0, +1, 




When it comes to qualitative data, while composing narratives and filling numer-
ic clusters with open-ended answers, we faced with the problem of lack of arguments 
and explanations behind the numbers. One way to avoid such a white spot would be 
to organize a futures workshop or stakeholder face-to-face seminar as proposed by 
Tapio et al. (2017, 40) at the final stage of the study where already defined scenarios 
would have been discussed in four groups of experts or parties of interest. Albeit, 
taking into consideration the technical theme of this study, it is not surprising that our 
scenarios did not result in long manuscripts but rather short characteristics of alterna-
tive futures.  
Lastly, since this study consists of two anonymous rounds, it would be interesting 
to explore whether there is any substantial difference between the two sets of clusters 
in both rounds. Figure 19 clearly demonstrates that both rounds do not differ from 
each other significantly. While the importance of the megatrends in cluster 1 under 
the first round is similar to values given in the cluster 2 under the second round, clus-
ter 2 under the first round recalls cluster 1 under the second round. The same tenden-
cy can be observed between cluster 3 and 4 under both rounds. Cluster 3 under the 
first round is close to cluster 4 under the second and cluster 3 under the second round 
recalls cluster 4 under the first one. This similarity may uncover that the second 
round of the study was not necessary. However, the intention of the study was to fa-
cilitate exchange of experts’ opinions and provoke nonconventional thinking and this 
could have been implemented only through providing aggregated feedback in the 





























Figure 19 Comparison of clusters in Round 1 and Round 2 
Note: Transformation of political order (P1), Global risk society (P2), Increasing trend in 
transparency, accessibility, and open data (P3), Knowledge-based economy (E1), Business 
ecosystems (E2), Changes in the work world (E3), Globalization (E4), New consumption 
patterns (E5), Demographic change (S1), New stage of individualism (S2), Social and cul-
tural disparities (S3), Reorganization of healthcare systems (S4), Changes to gender roles 
(S5), New patterns of mobility (S6), Digital culture (T1), Learning from nature (T2), Ubiq-
uitous intelligence (T3), Technology convergence (T4), Climate change and environmental 












As we can see from the literature review, the need to redesign cadastral system has 
been recognized in many countries across the globe. Various research units and gov-
ernmental bodies attempted to address this issue. However, the future of the cadastre 
from the perspective of futures studies has been barely considered so far. This thesis 
intended to reach two goals, i.e. to identify the most relevant global driving forces 
shaping operational environment of the Finnish cadastral system towards the year 
2035 and to explore alternative futures of this environment. This thesis lies between 
two scientific domains, i.e. cadastral research and futures studies that together can be 
labeled as cadastral foresight. The study was implemented in accordance with Dis-
aggregative Policy Delphi, a well-known method in futures research. In both rounds 
of this Delphi study, 21 experts presented their views on the probable and preferred 
impact of political, economic, social, technological and environmental megatrends.    
The most relevant megatrends were identified in the first round and repetitive 
second round resulted in a set of four normative or descriptive scenarios. The results 
of the first round were further used to recognize global driving forces shaping the op-
erational environment of the Finnish cadastral system. The second round data were 
used to answer the second research question and to construct four alternative future 
developments of the operational environment of the cadastral system in Finland.  
Tracing the macro trends in relationships between land and society we can 
summarize that in the past, development of the cadastre as a subsystem of the land 
information system was driven by economic, social and environmental changes such 
as agricultural and industrial revolution, growing world population, urbanization, 
land scarcity and orientation on sustainable development. In the future up to 2035, 
according to anticipation of the Delphi panelists, it is expected that the operational 
environment of the Finnish cadastral system will be mostly driven by technological 
transformations such as digital culture and ubiquitous intelligence and political 
change, i.e. increasing towards transparency, accessibility and open data. Estimations 
regarding the impact of social and environmental tendencies received relatively low 
value in three out of four scenarios.  
Finally, it is important to repeat that the goal of any futures research is not to 
give an accurate forecast about the future but to generate discussion, to collect ex-
perts’ opinions, to assist political decision-making and present alternative preferred 
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and probable prospects. Therefore, constructed scenarios cannot be seen as strict fu-
ture developments and most probably, reality will see a hybrid mix of them.  
With an eye to enhancing managerial and practical potential of this analysis, it 
would be fruitful to organize a stakeholder seminar and revise implication of these 
scenarios with the experts in the field. As a final note, it may be commented that this 
thesis uncovers the demand for a more thorough understanding of the needs and ex-
pectations of different user groups of cadastral systems. Moreover, a comparison on 
the international level would give a clearer insight on whether the development of 
the Finnish cadastral system should adopt more standardized or localized strategy. 




Sustainable and efficient land management system is a crucial factor for the well-
being of every society. Cadastral system as a constituent of land management system 
plays an important role in ensuring legality of relationships between owners, land, 
government and citizens. Simply saying, cadastre is a storage of information regard-
ing who owns the land, its boundaries and rights of its owner. However, this system 
has evolved along with the macro transformations in human society. For instance, 
such macro phenomena as industrialization, urbanization, emergence of real estate 
market, and technological advancements influenced on the operational environment 
of the cadastral system considerably. If the external environment changes, all the 
subsystems inside it have to transform as well in order to remain relevant and be 
convenient for its users. The aim of this thesis was to understand future operational 
environment of the cadastral system in Finland towards 2035. The study intended to 
answer two research questions: (1) What are the global drivers shaping the opera-
tional environment of the cadastral system in Finland by 2035? (2) What are the al-
ternative scenarios of the operational environment of the cadastral system in Finland?  
    Initially, it was assumed that global political, economic, social, technological 
and environmental megatrends are changing the way people relate to land and conse-
quently change the core of the cadastral system. Contextually and conceptually, this 
study lies between two scientific domains, cadastral research and futures studies. The 
research strategy and steps were designed following the principle of a well-
established futures studies method, Disaggregative Policy Delphi. The study was 
conducted from October 2016 until January 2017. Experts from various fields related 
to land management and land use were invited to estimate probable and preferred 
impacts of the listed megatrends on the development of the cadastral system in Fin-
land. The core part of the questionnaire in both rounds consisted of five step Likert 
scale questions, however respondents were also asked to support their choice with 
qualitative arguments. Besides, respondents were invited to estimate relevance of 
these megatrends to the development of cadastral system. Finally, the most relevant 
driving forces shaping the operational environment of the cadastral system were 
identified and four normative scenarios were constructed based on the hierarchical 
cluster analysis. Findings of the study revealed the relevance of technological phe-
nomena such as digital culture and ubiquitous intelligence and political tendency to-
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wards transparency, accessibility and open data to the operational environmental of 
the Finnish cadastral system. Scenarios analysis reaffirmed these elaborations, i.e. 
three out of four future visions were driven by mainly technological and economic 
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Appendix 2 Second round Delphi questionnaire 
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